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Abstract. Context. In the framework of the interstellar PAH hypothesis, far-IR skeletal bands are expected to be a fingerprint 
of single species in this class. 

Aims. A detailed model of the photo-physics of interstellar PAHs is required for such single-molecule identification of their 
far-IR features in the presently available Infrared Space Observatory data and in those of the forthcoming Herschel Space 
Observatory mission. 

Methods. We modelled the detailed photophysics of a vast sample of species in different radiation fields, using a compendium 
of Monte-Carlo techniques and quantum-chemical calculations. This enabled us to validate the use of purely theoretical data 
and assess the expected accuracy and reliability of the resulting synthetic far-IR emission spectra. 

Results. We produce positions and intensities of the expected far-IR features which ought to be emitted by each species in 
the sample in the considered radiation fields. A composite emission spectrum for our sample is computed for one of the most 
favourable sources for detection, namely the Red Rectangle nebula. The resulting spectrum is compared with the estimated 
dust emission in the same source, to assess the dependence of detectability on key molecular parameters. 
Conclusions. Identifying specific PAHs from their far-IR features is going to be a difficult feat in general, still it may well be 
possible under favourable conditions. 
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1. Introduction 

The hypothesis of the ubiquitous presence of free gas-phase 
polycyclic aromatic hydrocarbons (PAHs) in the in terstellar 
medium (ISM) originated abou t 20 years ago JLeger & Pugetl 
1 19841 lAilamandola etai1ll985l) . Due to their spectral proper- 
ties and their high photostability, these molecules were sug- 
gested as the most natural interpretation for the so-called 
"Aromatic Infrared Bands" (AIBs), a set of emission bands 
observed near 3.3, 6.2, 7.7, 8.6, 11.3 and 12.7 um, in many 
dusty environments excit ed by UV photons JLeger et all 1989: 
Alla mandola et alJ [l989). The AIBs are the spectral finger- 
print o f the excitation of vibrati ons in aromatic C-C and C-H 
bonds jPulev & Williams 1981). Furthermore, PAHs and their 
cations were also supposed to account for a subset of "Diffuse 
Interstellar Bands" (DIBs) JLeger & d'Hendecourtl 1 19851 
Ivan der Zwet & Allamandolal Il985t ICrawford et alJ Il985l) 
more than 300 absorption features observed in the n ear-UV, 
visibl e and near-IR in the spec t ra of r eddened stars {Herbig 
1 19951 lEhrenfreund & Charnlevl l2000t iDraind 120031) in the 



Milky Way as well as in ex ternal galaxies (E hrenfreund et all 
l2002tlSollerman et all200l . 

PAHs are believed to play an important role in the physics 
and chemistry of the ISM, showing intermediate properties be- 
tween gas and dust phases, i.e. behaving at the same time both 
as very small grains and large molecules. This has motivated 
many observational, experimental and theoretical efforts in the 
last two decades, which confirmed PAH-related species to be 
promising candidates to explain AIBs and some of the DIBs, 
accounting for a substantial fraction of the total interstellar car- 
bon budget JSalamall 999). However, despite the large number 
of studies and the tentative identificatio n of neutral anthracene 
and pyrene in the R ed Rectangle nebula JVijh et alJ2004 f2005: 
iMulas et"al]l2006bl) . no definitive spectral identification of any 
specific individual member in this class exists to date. 

Concerning optical absorption spectra, in fact, while the 
large number of low-temperature matrix isolation spectroscopy 
studies of PAHs are of fund amental im portance to assess the 
link between PAHs and DIBs Jjoblin et alJl995btlSalama et alJ 
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1 19961 1 19991 LSaramalll999t iRuiterkamn et"al]l2002l 120051) . at 
the same time they do not permit an unambiguous identi- 
fication of any single PAH, due to the unpredictable ma- 
trix-induced broadening and shift of the absorption bands. 



PAH ions in gas-phase (Romanini et al. 


1999: IPino et alJ 


1999; Brechignac & Pir 


o 1999; 


Biennier et al. 2003, 


2004; 


Sukhorukov et al.ll20o4 


Tan & Salama 2005 


a|b|) are "the right 



way" to identify specific PAHs based on their optical absorp- 
tion spectrum, but each of them still represents a demanding 
experimental task, which can hardly be generalised in a sys- 
tematic way to a representative sample of this vast class of 
molecules. 

As to IR spectroscopy, "classical" AIBs do not per- 
mit an unambiguous identification of any single species, be- 
cause vibrational transitions in the near and mediu m IR, are 
a common feature o f the whole class of PAHs (Langhoff 
1996; ISalamal Il999i) . These vibrational modes just probe 
specific chemical bonds and not the overall structure of 
the whole molecule. Indeed, the emission in these bands 
is usually explained assuming a whole population ofdif- 
ferent P AHs to contribute to them ( Schutte e t aL . 

^ykalivlll998l lAllamandola et alJll999t Bakes 



Cook 



_ k &Savkallv|12_ 
2001alhHPech etail2002i. 




On the other hand, every single such molecule ought to 
show a unique spectral fingerprint in the far-IR spectral re- 
gion, which contains the low-frequency vibrational modes as- 
socia ted with collective oscillations of the whole skeletal struc - 
ture JZhang et al.lll996l Ijoblin et al.ll2002l iMulas et al.ll2003l) . 
Moreover, far-IR bands are expected to be emitted preferen- 
tially whrajheexcitation energy of the molecule is relatively 
low (Jo blin et alJ l2002): this results in slower internal vibra- 
tional redistribution of energy and thus smaller lifetime broad- 
ening, implying that their rotational envelopes might be still 
discernib le, as hinted by th e gas phase laboratory measure- 
ments of IZhang et alJ dl996t) . It might then be possible to re- 
solve the rotational structure with a high resolution spectrom- 
eter, such as the HIFI heterodyne spectrometer on board of the 
forthcoming Herschel Space Observatory (HSO) mission 1 , pro- 
viding one_jnore_crucial identification element for interstellar 
PAHs Jjoblin et all2002l) . 

The far-IR spectrum emitted by a given interstellar PAH 
will depend essentially just on its molecular properties and 
on the exciting radiation field, and can be modelled in de- 
tail if all these "ingredients" are known Jjoblin et aD [2002; 
iMalloci et al1l2003l IMulas et al]l2003[ l2006bh Herewe make 
use of a d atabase o f theoretical spectral properties of a sample 
of PAHs ( Mal loci et alJl2006l) to derive their expected far-IR 
emission in a grid of radiation fields (RFs) covering some of 
the environments in which the AIBs, commonly attributed to 
PAHs, have been observed. 

In this paper we describe the modelling procedure, we de- 
tail the approximations used and assess their impact on the re- 
sulting calculated spectra, both in terms of absolute fluxes and 
band ratios. Then we present the calculated spectra for a large 
sample of PAHs and their cations. Our approach can be used 
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also to model molecular rotation, and thus the expected rota- 
tional envelopes of far-IR emission bands djoblin et alj [2002) 
This latter calculation is very demanding from a computational 
poin t of view and is the subject of more forthcoming work 
(IMulas et all2006bh . 

In Sect. |2 we summarise the modelling procedure we 
used. We then proceed in Sect. [3] to validate our modelling 
approach with respect to the use of theoretical UV-visible 
photo-absorption spectra ("Sect. l3.lt . the impact of some neces- 
sary simplifying assumptions for the molecular relaxation pro- 
cesses following electronic excitation (Sect. 13. 2> and its com- 
parison with an independently developed model (Sect. I3.3i . 
Results are presented in Sect. |4j while Sect. [5] discusses the 
diagnostic potential and limitations of the calculated spectra. 

2. Modelling procedure 

Our Monte-Carlo (MC) modelling proce dure is described in 
detail elsewhere (lMulasll998tLTobiin et all2002tlMalloci et alJ 
l2003t IMulas et alJl2003t 1200 6b). It requires the following pa- 
rameters: 

1 . the exciting radiation field; 

2. the UV-visible photo-absorption cross-section up to the 
Lyman limit; 

3. the dominant de-excitation pathways following the absorp- 
tion of an UV-visible photon; 

4. the complete vibrational analysis in the electronic ground 
state (frequencies, symmetry of the modes and intensities 
of the IR-active modes). 

These data, along with some general assumptions on the 
photophysics of PAHs, enable one to calculate all the probabil- 
ities involved in the exchange of photons between the molecule 
and the radiation field. Until recently the general applicabil- 
ity of this procedure was hindered by the scarcity of complete 
photo-absorption spectra of neutral and cationic PAHs rang- 
ing from the visible to the Lyman limit at 13.6 eV. However, 
we recently produced theoretical UV-visible photo-absorption 
spectra for a sample of 20 PAHs and their cations, using the 
Time-Dependent Density Functional Theory (TD-DFT, e. g. 
hvlarques & Cirossll2004l) impleme ntation in the Octopus com- 
puter code JMarques et alj |2003). and showed them t o be in 
good agreement with experimental data when available d-Toblinl 
1992i l.Toblin et alJI 19921) . validating their use as a quite decent 
surrogate when they are not ( Mall oci et alJ 2004). 

We here extend our previous work ( Mulas et al . 2003) 
to the whole sample of molecules studied in M alloci et alJ 
( 2004), using the theoretical photo-absorption cross-sections 
published therein and computin g the vibrational frequencies 
with the NWChem code JStraatsma et alJ 120031). Following 
previously published calibration calculations ([Langho ff 1996; 
Bauschli cher & Langhofn LL997), we obtained the full vi- 
brational analyses using the exchange-correlation functional 
B3LY P jBeckelll993l) and the 4-3 1G basis set jFrish et alJ 
1984). The vibrational frequencies obtained at the B3LYP/4- 
31G level of theory are usually scaled with an empirical factor 
of 0.958, whi ch accounts fo r anharmonicity and other minor 
corrections (Langhoff 1996; Bausc hlicher & Langhofj fl997l: 
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iHuddns et aflkOOll) and brings them into near coincidence 
with experimental data. Our calculated vibrational frequencies 
are in good agreement with the results previously published. 
Since the aim of the present paper is to produce as accurate 
as possible synthetic spectra for direct comparison with obser- 
vational data, we did scale the computed vibrational frequen- 
cies with the above empirical factor, differently from what we 
did in our proof-of-con cept papers on ovalene dMalloci et alJ 
l2003[lMulas et al.l2 003). The only gas-phase emission data for 
PAHs in the far-IR currently available are, to the best of our 
knowl edge, those by IZhang et alJ l l 19961) and those by Pirali 
(2004). The comparison between our calculated band positions 
and the experimental data is shown in Tabled We remark that 
the differences among frequencies may be partly due to the 
temperature effects, since in both experiments PAHs have to 
be heated. Inspection of Table^shows that the empirical scale 
factor calibrated on mid-IR data is probably not the best one for 
far-IR bands. More work is needed both from an experimental 
point of view, to study the temperature effect on band position 
and width, and from a theoretical point of view to derive the 
best empirical scaling procedure for this spectral range. For the 
time being, the calculated positions of the bands in this work 
may therefore be affected by a small systematic error due to the 
scaling adopted, and some caution is in order in their interpre- 
tation. All the vibrational frequencies (not only the IR-active 
ones) are used within the MC model to comput e the density 
of vibrational states as a function of energy (e. g. lMulaJl99a 
ICook & Savkallvll998l) . These data are being integrated in an 
online database o f comp uted molecular properties, which is un- 
der construction (Malloc i et al.l200^) . 

For the present simulations we used the relatively UV-poor 
RF of the extended halo surrounding the Red Rectangle 
proto -planetary nebula dMen'shchikov et al.l2002HMulas et all 
2006b), the interstellar RF (ISRF) in the ga lactic plane at about 
5 kpc from the galactic centre (as given by Mathis et alJI 19831) 
and the relatively UV-rich RF in the photodissociat ion region 
(PDR ) of the planetary nebula IRAS 21282+5050 JPech et alJ 
120021) . The RFs considered are shown in Fig. note that the 
RF of the extended halo of the Red Rectangle drops to negligi- 
ble values above ~ 9 eV on the scale of this plot. This choice 
of RFs is not meant by any means to represent a choice of the 
environments in which we expect the far-IR bands of PAHs to 
be most easily detected. They were chosen to span the range 
of conditions in which AIBs have been detected. As will be 
explained later in Sect. [5] this choice is not a limiting one. 

3. Model validation 

3.1. Use of theoretical photo-absorption spectra 

To te st and validate the us e of the calculated absorption spec- 
tra of Malloci et al. (2004) in the MC simulation we compared 
them with the results obtained applying the same modelling 
procedure on the experimental spectra of anthracene, pyrene, 
coronene and ovalene (Joblin 1992 Hjoblin e t al. 1992). For all 
of these molecules the agreement between theoretical and lab- 
oratory data is reasonably good, with typical absolute errors 
of ~0.3 eV between the calculated and measured positions of 



Table 1. Comparison between available far-IR gas-phase labo- 
ratory measurements (Zhang et al. 1996; Pirali 2004, first col- 
umn), our DFT results, both unsealed (second column) and 
scaled with an empirical factor of ~ 0.958 (third c olumn) 
and the previousl y published DFT results (Lang hofflll996t 
lMarfinetalir9 96. last column). 



Experimental 


Band positions (cm ') 
Unsealed DFT Scaled DFT 


Previous DFT 


167.0", 165.6* 
360.6°, 358.7* 


Naphthalene (C 10 H 8 ) 

178.2 170.8 

376.3 360.5 


171.8", 171 rf 
357.7 1 ', 359 rf 


87.2* 
227.3* 


Jl.ll Ll LL 1 lv> V ] 4 1 i ] M ) 

94.7 90.7 
239.0 228.9 


91.0'', 9& 
232.3", 232 rf 


96.7* 
221.1* 


PfipnantfirPTip (C^ 1 iT-Tm^ 

1 1 1 ^ 1 1 en 1 li 11 ^ lie- ( v|4Ai[|)) 

104.3 99.9 
235.8 225.9 


99 d 
226.8", 226 rf 


nc r\ci c\A £.b 

95. U , 94.0 
214.2°, 206.7* 
350.0" 


Pyrene (Ci 6 H 10 ) 

1 no h no a 
102./ 98.4 

218.4 209.2 

368.6 353.1 


no £c 
98.6 

210.0" 

353.5" 


169.9* 
231.5", 229.9* 


Chrysene (C18H12) 
192.8 184.7 
242.7 232.5 


233.0" 


88.1* 
464.9* 


Perylene (C20H12) 

98.9 94.8 
182.7 175.0 
479.7 459.6 


98.6" 
175.9" 
462.0" 



" Gas-phase emission measurements jZhane et ail 19961) : 
* Gas-phase emission measurements (Pirali 2004); 
" B3LYP/4-31G calculation iLanghofl 19961): 
d B3LYP/cc-pvdz calculation jMartin et alll996l) . 



the absorptio n bands, as expected for TD-DFT calculations 
(e. g. iHirataet al] 1 19991 120031 iMalloci et aTI Eo04). In some 
cases these relatively small differences are widely amplified in 
the low-energy part of the estimated photon absorption rates 
for the Red Rectangle and, to a lesser extent, for the ISRF, 
because these RFs are very steep (see Fig. i.e. the photon 
flux changes up to about an order of magnitude in 0.3 eV. To 
make sure that any differences depend only on the different co- 
adopted, for this comparison we used in all cases theoretical 
frequencies and intensities of the vibrational bands. 

Appendix [X] shows in detail the comparison between the 
synthetic (<x th ) and laboratory (<xi a b) photo-absorption cross 
sections of anthracene, pyrene, coronene and ovalene, as 
well as the impact of their differences on the estimated en- 
ergy-dependent absorption rates in the three RFs considered. 
The agreement between IR emission fluxes calculated using 
cr t h and those calculated using cn a b is found to be quantitatively 
very good for all of the four molecules, the worst error being 
a factor of 2 for pyrene in the Red Rectangle, much better in 
all other cases. In all cases, relative intensities among IR bands 
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Fig. 1. The RFs considered, namely the ISRF given by 
Math is et alJ dl983l) . the RF of the extended halo surround- 
ing the Red Rectangle proto-planetary nebula and the rel- 
atively UV-rich RF in the PDR of the planetary nebula 
IRAS 21282+5050; the l atter two were o btained respectively 
from observational data dViih et al.ll2o"ol 2005) and from an 
appropriate stellar atmospheric model of Kurucz d 19921) . 

appear very accurate, with differences of the order of, at most, 
-20%. 

3.2. Molecular relaxation processes 

The predicted IR emission spectra were derived under the as- 
sumption that the absorption of a UV-visible photon be im- 
mediately followed by one or several non-radiative transitions 
leaving the molecule in a highly excited vibrational level of 
the electronic groun d-state En, from which it relaxes by vi - 
brational transitions ( Allamandola et al. 1989; Leach 1995a b). 
Quite generally, upon reaching Eq, any PAH very quickly re- 
distributes its remaining excitation energy among the accessi- 
ble vibrational modes, to achieve Internal Thermal Equilibrium 
(ITE). Fast intramolecular radiationless transitions ensure that 
ITE be efficiently established between vibrational transitions. 

Since the molecule is a closed, isolated system in which 
energy is conserved between photon emissions or absorptions, 
microcanonical statistics applies for the distribution of en- 
ergy among vibrational degrees of freedom in this regime. 
However, the rate of intramolecular transitions is a sensitive 
function of excitation energy, and becomes ineffective below 
a molecule-specific decoupling threshold Ea ec . Since energy 
gets emitted in discrete steps during relaxation, the molecule is 
likely to effectively jump from an excitation energy above the 
threshold, i.e. in ITE, to one below the threshold, in which re- 
distribution of energy does not occur anymore. When this hap- 
pens, the number of vibrational quanta in each energetically 
accessible mode is likely to be frozen according to microcanon- 
ical statistics at that energy. In perfect isolation conditions, all 
of these vibrational quanta must be emitted via radiative transi- 
tions, even if they are electric-dipole forbidden. Since the pop- 



ulation of vibrational modes upon decoupling depends only on 
the statistics of accessible states, very low-energy modes are 
clearly favoured, in the final redistribution of excitation energy 
immediately before decoupling, regardless of their IR-activity. 

The dominant process competing with radiative relax- 
ation is the absorption of another UV-visible photon before 
the molecule reaches the vibrational ground state. When this 
happens, the total available energy rises above Ed ec again. 
Emission in the weakest IR bands, towards the low-energy 
end, essentially happens only when the stronger ones are en- 
ergetically inaccessible; if vibrational cascades are interrupted, 
IR-inactive and weak IR-active bands are consequently sup- 
pressed, in favour of the stronger ones, which are emitted much 
more quickly when the molecule excitation energy is high 
enough. Since no data is available on the spontaneous transition 
rates in IR-inactive vibrational modes of PAHs and their cal- 
culation is not presently implemented in commonly available 
quantum chemistry packages, we modelled them as IR-active 
bands with an oscillator strength equal to the average of all 
IR-active bands scaled down by a factor 10 4 , which yields the 
appropriate order of magnitude for electric quadrupole transi- 
tions. As to the decoupling energy £dec, its only available di- 
rect measu rements to date were performed on peryle ne and 
anthracene JBouzou et alJl983tlFelker & Zewailll984l) : in our 
model runs we therefore chose the threshold for other PAHs by 
requiring the density of vibrational states to be the same as in 
anthracene at its measured Ea ec (~1700 cm -1 ). 

In all environments considere d, collis i ons ar e less frequent 
than photon absorption events dOmontl fl98^) . and we ne- 
glected them in our treatment. They may play a role in popu- 
lating/depopulating IR-inactive modes after decoupling, when 
timescales between photon emission/absorption events are rel- 
atively long, especially for ions, which have larger collisional 
cross sections. This can be expected to become relatively more 
important for environments for which the ratio between gas 
density and UV-visible radiation density is higher. However, 
while not necessarily negligible, this is a higher order correc- 
tion in all cases considered here. 

Immediate conversion of all excitation energy to vibra- 
tional energy in Eq is not necessarily the only relaxation path 
available. Photoionisation can be relevant for neutral PAHs 
in the RFs considered, hence we took it into account in our 
modelling calculating the energy-dependent yield u sing the 
analytical expression given bv iLe Pag e et alJ J200lh and the 
experimental ionisation energies jLiasi 12005). Since the RFs 
considered do not contain significant fluxes of photons capa- 
ble of doubly ionising the PAHs considered here, we neglect 
ionisation for cations. The probabilities of the main dissoci- 
ation channels have been es timated to be negligible for our 
purposes llAllain et alJll996albl). Howev er, rec ent results with 
the PIRENEA experiment J.Toblin et ail 120061) show that the 
coronene cation loses one H atom at an average excitation en- 
ergy of 10.5 eV. Therefore, a fully detailed model would need 
to follow the photophysical and chemical evolution of a PAH 
population including ionisation, electron recombination, pho- 
todissociation and reactivity in particular with H atoms. This is 
outside of the scope of the present paper. In any case, as far as 
the IR emission spectrum is concerned, the effect of photodis- 
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sociation and/or photoionisation is a higher order correction. 
Indeed, the overall IR emission spectrum stems from the sum 
over a large number of relaxation cascades, which in this re- 
spect can be considered essentially independent, and photodis- 
sociation, photoionisation etc. happen only in a small fraction 
of them. 

Provided they neither ionise nor dissociate, all closed-shell 
(e. g. neutral, fully hydrogenated) PAHs, upon excitation from 
their ground electronic singlet state S„ <— So, will undergo 
very fast internal conversion to a low lying singlet electroni c 
level S m , which is almost always Si (e. g. lLeach|ll995albl) . 
Afterwards, the molecule relaxes radiatively in the vis ible 
and/or i n the IR. For a thorough discussion see e. g. lMulas et alJ 
(2006b) where all the relaxation channels were modelled in de- 
tail. A short resume is given also in AppendixlBl 

In open-shell PAHs (e. g. singly charged ions of fully hy- 
drogenated species ) usually both the ground Do and first ex- 
cited Di electronic states are doublets and are connected by an 
electric dipole-permitted electronic transition (Birk slll970t) . In 
this situation internal conversion (IC) D„ -v» Do followed by vi- 
brational transition s, is expected t o always be the dominant re- 
laxation channel (Leachlll995albT) . fluorescence and phospho- 
rescence being negligible. Energy-dependent quantum yields 
for the main relaxation chann els of closed-she ll PAHs are 
known for very few molecules (Brechignac 2005) and only IC 
to Do is important for open-shell species. Therefore, since the 
present work aims to systematically explore the far-IR spectral 
fingerprint of a large sample of molecules, we chose to neglect 
the relaxation channels via fluorescence and phosphorescence. 

To assess the impact of this simplification, the spectra 
presented h e re can be compared with those we obtained in 
iMulas et"a"fl d2006bl) . in which we modelled in full detail all 
relaxation channels. In AnnendixlBlwe present such a compar- 
ison, which shows that neglecting fluorescence and phospho- 
rescence leads to an overestimation of the absolute vibrational 
emission fluxes in each band by up to a factor ~2 in the worst 
case, for the high energy bands, while low energy bands are al- 
most unaffected. This means that the calculated spectra, despite 
the use of <x th and the neglect of relaxation channels involving 
fluorescence and phosphorescence, still retain their full poten- 
tial to identify specific PAHs, this approximation appearing to 
impact essentially the accuracy of calculated column densities. 

3.3. Comparison with an alternative model 

The mode l used here is an enhanced version of the one de- 
scribed in iMulaJ {l998). As an internal consistency test, we 
also derived the IR emission spec tra using an independent 
model based on Ijoblin et"afl Such a comparison en- 

abled us to discover and correct some implementation errors 
in both of them. More specific ally, an incorrect distribution of 
vibrational levels was used in Jobl in et alJ ll2002l) and biased 
abso lute value s of I R emission band intensities were produced 
in lMulasetal]j2003l) . 

The result of this comparison for neutral coronene is shown 
in Table |2 which clearly demonstrate that the two models are 
very close. For both models we assumed a decoupling energy 



threshold of ~1200 cm -1 , following the prescription discussed 
in Sect. 13.21 We remark that the model used here, as previ- 
ously explained, takes into account the possibility that absorp- 
tion of a high-energy photon resu lts in an ionisation instead of 
IR emission. Since the model bv Ijoblin et alJ J2002I) does not 
include this possiblity, for a proper comparison we deliberately 
excluded it in the simulations compared in Table [2] This re- 
sults in a slight overestimation of emission which is larger for 
high-energy bands; the latter tend to be preferentially emitted 
when the molecule is highly excited, hence after the absorption 
of harder photons which, in turn, are more likely to ionise it. 

The small remaining difference between the two mod- 
els is probably due to somewhat different algorithms used to 
estimate the density of vibrational states (DoS), namely the 
Beyer-Swinehart (BS, iBever & Swinehartll 19731) method in 
Joblin et al. (2002) and a version of the Stein-Rabinovitch (SR, 
Stein & Rabinovitchll 1973b method in iMulasl dl998t) . slightly 
modified to ensure its continuity down to low energies. The re- 
sulting DoSs are plotted in Fig.|2] which shows them to be es- 
sentially coincident except for very small energies, where the 
modified SR DoS is still smooth while the BS one strongly os- 
cillates. Such a behaviour depends on the difference between 
the formal definition of DoS and the actual way it is calculated. 
For a finite system, as a large molecule, states are discrete and 
the DoS is thus not well-defined as a function, being instead a 
distribution, i.e. the sum of a collection of Dirac deltas, one for 
each discrete level. On the other hand, the integral of the DoS 
over any finite interval still is a well-defined function. Both 
the BS and the SR algorithms count the number of vibrational 
states in a grid of finite energy intervals, and obtain the DoS 
dividing the resulting number by the bin size. This is not, there- 
fore the DoS in its strict mathematical sense, but rather its aver- 
age over a finite energy interval. As a consequence, the "DoS" 
thus calculated is obviously dependent on the chosen bin size, 
this dependence becoming very extreme for increasingly small 
bin sizes, when the latter becomes comparable to the spacing 
of the discrete levels. 

The way out of this apparent formal impasse is to recog- 
nise that what is needed to calculate probabilities in the ergodic 
regime is not really the exact DoS, as to its strict mathematical 
definition, but rather its average over an energy range given by 
the Heisenberg indetermination principle. Moreover, the DoS 
is only used when the molecule is in ITE, i.e. when intramolec- 
ular radiationless transitions are fast and, as a consequence, 
energy indetermination is large. Therefore, we slightly modi- 
fied the SR algorithm to make sure that the resulting "DoS" is 
continuous regardless of the assumed energy bin size used for 
calculating the density, and that it converges to a well-defined 
limiting value for vanishingly small bin size. Essentially, this 
is equivalent to calculating the average of the DoS over an en- 
ergy bin of the same size as a single vibrational quantum of the 
lowest frequency mode of the molecule. 

We stress that the results of the simulations are fundamen- 
tally independent of the algorithm used: statistics tend to wash 
out the effect of the strong oscillations in the BS DoS. However, 
for smaller and smaller bin sizes, and correspondingly stronger 
oscillations in the DoS, increasingly long simulations are re- 
quired to obtain numerical convergence. When using the ex- 
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Table 2. Comparison between two se ts of model runs for coronene (C24H12) in different exciting RFs. The results from the 
present model based on Mulas ( 1998) (disregarding the possibility of ionisation) are labelled as model 1, while those from the 
corrected model of ljoblin et alJ J2002h are labelled as model 2. For each model run and each band we list the absolute integrated 
flux and, in parentheses, the flux fraction. 







ISRF 


Red Rectangle 


IRAS 21282+5050 


Peak 


model 1 


model 2 


model 1 model 2 


model 1 model 2 




(Wsr 1 ) (%) 


(Wsr 1 ) (%) 


(Wsr 1 )(%) (Wsr')(%) 


(Wsr 1 ) (%) (Wsr 1 ) (%) 



3.26 


3.8 10- 


27 


(37.96) 


3.9 10- 


27 


(38.15) 


5.8 10- 


26 


(24.76) 


6.3 10- 


26 


(25.36) 


4.3 10- 


22 


(46.68) 


4.2 10- 


22 


(46.50) 


3.29 


2.6 10 


-28 


(2.58) 


2.6 10- 


-28 


(2.56) 


4.0 10 


-27 


(1.72) 


4.2 10 


-27 


(1.70) 


2.9 10 


-23 


(3.18) 


2.9 10 


-23 


(3.16) 


6.24 


5.2 10 


-28 


(5.15) 


5.4 10 


-28 


(5.21) 


1.3 10 


-26 


(5.47) 


1.4 10 


-26 


(5.51) 


4.6 10 


-23 


(5.01) 


4.5 10 


-23 


(5.00) 


6.69 


9.2 10 


-30 


(0.09) 


9.7 10 


-30 


(0.09) 


2.4 10 


-28 


(0.10) 


2.6 10 


-28 


(0.11) 


8.0 10 


-25 


(0.09) 


6.9 10 


-25 


(0.08) 


7.21 


1.1 10 


-28 


(1.07) 


1.1 10 


-28 


(1.08) 


2.8 10 


-27 


(1.22) 


3.1 10 


-27 


(1.24) 


9.1 10 


-24 


(0.99) 


8.8 10 


-24 


(0.97) 


7.63 


6.6 10 


-28 


(6.59) 


7.0 10 


-28 


(6.77) 


1.7 10 


-26 


(7.49) 


1.9 10 


-26 


(7.73) 


5.5 10 


-23 


(6.05) 


5.5 10 


-23 


(6.10) 


8.25 


3.0 10 


-28 


(2.92) 


3.0 10 


-28 


(2.93) 


8.0 10 


-27 


(3.42) 


8.7 10 


-27 


(3.53) 


2.4 10 


-23 


(2.63) 


2.4 10 


-23 


(2.64) 


8.78 


3.1 10 


-28 


(3.10) 


3.3 10 


-28 


(3.21) 


8.8 10 


-27 


(3.79) 


9.5 10 


-27 


(3.82) 


8.8 10 


-23 


(2.75) 


2.5 10 


-23 


(2.75) 


11.57 


3.4 10- 


27 


(33.25) 


3.5 10- 


27 


(33.89) 


9.9 10- 


26 


(42.48) 


1.1 10- 


25 


(42.72) 


2.6 10- 


22 


(27.89) 


2.5 10- 


22 


(28.02) 


12.43 


1.1 10 


-29 


(0.11) 


1.1 10 


-29 


(0.11) 


3.3 10 


-28 


(0.14) 


3.7 10 


-28 


(0.15) 


8.0 10 


-25 


(0.09) 


8.3 10 


-25 


(0.09) 


12.90 


1.6 10 


-28 


(1.56) 


1.6 10 


-28 


(1.60) 


4.7 10 


-27 


(2.03) 


5.3 10 


-27 


(2.12) 


1.2 10 


-23 


(1.29) 


1.2 10 


-23 


(1.30) 


18.21 


3.9 10 


-28 


(3.91) 


4.1 10 


-28 


(4.01) 


1.2 10 


-26 


(5.29) 


1.3 10 


-26 


(5.44) 


2.8 10 


-23 


(3.04) 


2.8 10 


-23 


(3.11) 


26.20 


2.8 10 


-29 


(0.28) 


2.3 10 


-29 


(0.22) 


9.7 10 


-28 


(0.42) 


7.8 10 


-27 


(0.32) 


1.8 10 


-24 


(0.19) 


1.5 10 


-24 


(0.16) 


80.60 


2.4 10 


-29 


(0.24) 


1.6 10 


-29 


(0.16) 


8.4 10 


-28 


(0.36) 


6.0 10 


-28 


(0.24) 


1.0 10 


-24 


(0.11) 


7.6 10 


-25 


(0.08) 




Energy (eV) 

Fig. 2. Comparison between the DoS o f neutral coro nene com- 
puted by the curre nt model, based on lMulasI (1998) (continu- 
ous line) and that of Job lin et al J (12002) (dotted line). The DoSs 
are perfectly coincident for energies well above the energy of 
a single vibrational quantum, while they differ for very small 
energies. 



plicitly smoothed DoS in the simulations, instead, numerical 
convergence is faster and independent of the bin size adopted 
for the DoS calculation. 



4. Results 

T he whole sample of m olecules investigated is shown in Fig. 2 
of Ma lloci et al.l J2004I) . Tabled summarises the resulting inte- 
grated photon absorption rates % and average energies & of the 
absorbed photons. The energy absorption rate is %&. 

Our model runs produce band positions and the correspond- 
ing integrated fluxes. More specifically, the model outputs the 
total number of photons, and hence the total power P, isotrop- 
ically radiated in each vibrational mode by one molecule em- 
bedded in a given RF. The dimensions of this quantity are en- 
ergy per unit time per unit solid angle per molecule. The sta- 
tistical error on the number of photons is Poissonian, therefore 
the purely statistical contribution to errors can be made negli- 
gible by extending enough the length of the model runs. This 
is tipically achieved simulating ~10 4 photon absorption events 
and the following de-excitation cascades. The accuracy of our 
model results is limited by that of the level of theory we used 
to perform the vibrational analyses. Our calculated positions 
of far-IR vibrational bands compare rather favourably with the 
sparse experimental measurements available (see Table [Q. As 
to the calculated Einstein coefficients for spontaneous emis- 
sion in the IR bands, a comparis on between gas-phase mea- 
surements of band intensities J.Tobhn et alJI 19941 Il995al) and 
DFT calculations at the level of theory we used here (Langhoff 
Il996l) show differences which range from ~ 1 0% to a factor of 2 
for single bands. The largest discrepancy is found for the high 
frequency in-plane C-H stretch modes, with a generally bet- 
ter agreement for the other modes. To the best of our knowl- 
edg e, with the e xception of the works by Zh ang et"all ([1 996) 
and|Pirali (2004), there are no other gas-phase laboratory data 
available for far-IR bands of our sample of PAHs. More ex- 
perimental work is therefore definitely needed for a systematic 
assessment of their accuracy and reliability. 
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Table 3. Integrated photon absorptio n rates H (s" 1 ) and average absorbed energy £ (eV), computed using calculated 
photo-absorption cross-sections jMalloci et alj E()04) for the whole sample of 20 neutral PAHs and their cations in the three 
RFs considered. 



Molecule 



Charge state 



ISRF 



Radiation field 
Red Rectangle 



IRAS 21282+5050 





K< 


s" 1 ) 


fi(eV) 




s" 1 ) 


fi(eV) 


K( 


s" 1 ) 


S(eV) 


Neutral 


7 n 
j.y 


1U 


1 a 


- „ 
j. i 


m-7 
1U 


J.O 


J.O 


1U 


o.y 


Cation 


0.0 


rn-s 
1U 


A 7 

4. / 


j. i 


1U 


7 Q 


3.1 


1U 


O A 


Neutral 


z 7 
J.Z 


rn-s 
1U 


n q 
f.O 


Q A 

o.y 


1U 


C 7 

j.Z 


A A 
4.V 


1U 


y.z 


Cation 


1 1 
1 ,J 


m-7 
1U 


1 A 

4,U 


0, / 


i n-G 

1U 


7 7 
Z. / 


A 1 
4. 1 


tn-3 
1U 


V.Z 


Neutral 


0,4 


rn-s 
1U 


0.0 


J z 

Z.j 


i n-6 
1U 


1 A 

4.U 


Z 7 

j.Z 


in-3 
1U 


O.O 


Cation 


1 . / 


in -7 
1U 


J. 4 


Q Z 
O.J 


1U 


7 Z 
Z.J 


A A 

4.4 


in-3 
1U 


0.0 


Neutral 


Z A 
J.O 


1U 


/.4 


i i 


1U 


C 1 

J . 1 


3.1 


in-3 
1U 


Q Q 
5.5 


Cation 


1 7 
1 . / 


in-7 

1U 


^ 7 
j.Z 


O 1 
V. 1 


1U 


7 ^ 


A 2 
4.3 


in-3 


5.5 


Neutral 


0. 1 


rn-s 
1U 


0.4 


"2 7 
J. 1 


1U 


J.O 


Z 7 
J. 1 


in-3 
1U 


5.0 


Cation 


1 A 
1 .4 


i n 7 
1U 


i a 
4,U 


O 7 

v.z 


1U 


7 7 
Z. / 


1 O 

4.V 


tu 


5.0 


Neutral 


1 A 
/.O 


rn-s 
1U 


O.o 


3 7 

j.Z 


1U 


J.O 


o.U 


in-3 
1U 


Q O 

5.y 


Cation 


Z.4 


1U 


1 A 

j.U 


1 1 

1 .3 


1U 


7 7 

Z.Z 


3. 1 


rn-3 
1U 


5.5 


Neutral 


1 , J 


m-7 
1U 


j .4 


c q 

J.O 


1U 


J.J 


O.o 


in-3 
1U 


Q 1 
5.4 


Cation 


7 7 

3. 1 


m-7 
1U 


7 q 
Z.o 


1 a 


1U 


7 7 

Z.Z 


A A 

o.U 


in-3 
1U 


Q 1 
5.4 


Neutral 


o.O 


m-s 
1U 


o. / 


7 A 

z.v 


1U 


4.3 


A 7 

0. / 


in-3 
1U 


5. / 


Cation 


4.0 


m-7 
1U 


7 7 
Z.Z 


3 a 
j.U 


rn-5 
1U 


1 .0 


Z A 

3.V 


in-3 
1U 


Q "7 
5. / 


Neutral 


1 . / 


1U 


4,0 


1 A 
1 ,U 


1U 


7 A 
Z.V 


7 1 
/. 1 


rn-3 
1U 


5. / 


Cation 


7 i 
Z.j 


1U 


3. 1 


1 A 

1 .4 


rn-5 
1U 


7 f- 
Z.O 


o.Z 


in-3 
1U 


5.0 


Neutral 


1 .0 


1U 


Z -1 

j. 4 


7 7 
1.1 


1U 


1 Q 
J.O 


Q 7 
O.Z 


rn-3 
1U 


O.J 


Cation 


i 7 
1.1 


m-7 
1U 


Z.J 


A 1 
4. J 


1U 


7 A 
IX) 


7 Z 

1 .3 


in-3 
1U 


5.Z 


Neutral 


1 , j 


1U 


C Q 
J.O 


7 A 

/.u 


1U 


1 A 

3.4 


7 

/.ft 


in-3 
1U 


Q C 
5. J 


Cation 


7 Q 
Z.o 


i n 7 
1U 


3.3 


1 .0 


rn-5 
1U 


7 1 

Z.4 


o.y 


rn-3 
1U 


5.4 


Neutral 


1 1 


1U 


i a 

4.V 


1 1 


rn-5 
1U 


3. 1 


7 A 
/.V 


rn-3 
1U 


5.4 


Cation 


■2 7 
3.Z 


1U 


j. 1 


7 A 
IX) 


rn-s 
1U 


7 1 

Z.j 


7 1 

/. 1 


rn-3 
1U 


5.4 


Neutral 


1 , J 


m-7 
1U 


o.Z 


A Z 
4.3 


i n-6 
1U 


A 1 

4. 1 


Q Z 
h.J 


rn-3 
1U 


5.3 


Cation 




m-7 
1U 


i i 
j.j 


1 .0 


rn-s 
1U 


7 A 

ZA 


7 A 

/.o 


rn-3 
1U 


Q 1 
5.4 


Neutral 


4.0 


1U 


1 A 

j.U 


A A 

4.U 


1U 


1 A 
1 .V 


A C 

V.3 


rn-3 
1U 


Q C 
5. J 


Cation 


4.5 


10 


3.1 


2.8 


10 


2.5 


8.4 


i r\-3 

10 


8.4 


Neutral 


5.1 


io- 7 


2.7 


2.5 


io- 5 


2.0 


9.9 


io- 3 


8.5 


Cation 


5.7 


io- 7 


2.5 


3.6 


IO 5 


1.7 


9.0 


IO" 3 


8.4 


Neutral 


7.7 


io- 7 


2.7 


3.9 


IO 5 


2.1 


1.1 


IO 2 


8.6 


Cation 


9.6 


io- 7 


2.4 


4.8 


io- 5 


2.0 


1.0 


IO 2 


8.6 


Neutral 


2.8 


io- 7 


4.6 


2.0 


io- 5 


3.1 


1.1 


io- 2 


8.2 


Cation 


5.5 


io- 7 


2.9 


3.8 


10 s 


2.2 


1.1 


IO 2 


8.2 


Neutral 


3.1 


io- 7 


4.7 


2.7 


IO 5 


3.1 


1.3 


IO 2 


8.2 


Cation 


8.7 


io- 7 


2.4 


6.9 


io- 5 


1.9 


1.2 


IO 2 


8.2 


Neutral 


2.2 


10~ 6 


2.0 


1.1 


io- 4 


1.7 


1.5 


IO 2 


8.6 


Cation 


2.7 


10~ 6 


1.9 


1.4 


IO" 4 


1.6 


1.4 


IO 2 


8.5 


Neutral 


8.8 


io- 7 


3.2 


5.8 


IO 5 


2.6 


1.7 


IO 2 


8.1 


Cation 


2.2 


IO 6 


2.0 


1.5 


io- 4 


1.6 


1.6 


IO 2 


8.0 



Naphthalene (Ci H 8 ) 

Fluorene (C13H10) 
Anthracene (C14H10) 
Phenanthrene (Ci4H 10 ) 

Pyrene (Ci 6 H 10 ) 
Fluoranthene (C^Hio) 
Tetracene (CigH^) 
Chrysene (C 18 H 12 ) 
Perylene (C20H12) 
Pentacene (C22H 14 ) 
Benzo[g,h,i]perylene (C 2 2H 12 ) 
Anthanthrene (C 22 Hi 2 ) 
Coronene (C 2 .jH 12 ) 
Dibenzo[cd,lm]perylene (C 2 6H[ 4 ) 
Bisanthene (C^H^) 
Terrylene (C 30 H 16 ) 
Ovalene (C 32 Hi 4 ) 
Circumbiphenyl (C38H16) 
Quaterrylene (C4oH 20 ) 
Dicoronylene (C 48 H 20 ) 



Tables lC.ll to lC.40l in Appendix01ist the calculated far-IR 
emission spectra of all 20 PAHs considered and of their cations. 
In such tables permitted transitions are distinguished between 
parallel and perpendicular, depending on the direction of the 
electric dipole transition moment with respect to the plane of 
the molecule. In addition, we explicitly marked electric dipole 
forbidden bands. 

Moreover, no data are available, to the best of our knowl- 
edge, on the intensity of bands which are IR-inactive in the 



harmonic electric-dipole approximation. Further experimental 
and theoretical work on these bands is needed for an accurate 
assessment of the photon absorption rates below which each 
electric-dipole-forbidden band might be emitted efficiently. 

We assumed 100% efficient conversion of absorbed en- 
ergy to IR emission, overestimating our calculated fluxes for 
closed-shell species (see Sect. QJ, very slightly in the case of 
far-IR bands. This affects only marginally the diagnostic capa- 
bility of the calculated spectra, i.e. the possibility to use them 
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absorption rates %, roughly scale with the number of carbon 
atoms in the molecule ( Joblini n"992t Ijoblin et alJI 19921) . while 
the total IR emissivity at the low-energy end does not scale in 
the same way for this sample of molecules. 

Quite generally, emission in far-IR bands can be divided in 
three different regimes, depending only on the photon absorp- 
tion rate: 

1. for very dilute RFs, e. g. in the diffuse ISM, a molecule 
always has time to completely relax after each photon ab- 
sorption, and consequently the fluxes in all far-IR bands 
scale linearly with the photon absorption rate; 

2. for intermediate RFs, e. g. in the Red Rectangle halo, a 
molecule always has time to emit all quanta in IR-active 
modes, but absorbs another photon before being able 
to completely relax IR-inactive modes; hence, fluxes in 
IR-active bands still scale linearly with the photon absorp- 
tion rate, while some emission in electric-dipole forbidden 
bands is suppressed; 

3. for very strong RFs, e. g. in the PDR of IRAS 21282+5050, 
a molecule is always vibrationally "warm", since photon 
absorption events are very frequent, and it almost never 
reaches the bottom of its IR emission cascade; as a result, 
all weak IR bands tend to be progressively suppressed in 
favour of the stronger ones (i.e. classical AIBs). 

The boundaries between these regimes will depend on the 
molecule, since different molecules will have different photon 
absorption rates in the same RF. 

Within the same regime, far-IR fluxes scale linearly with 
the dilution of the RF adopted, which means that the data we 
present here cover a relatively wi de range of env ironments. For 
example, the ISRF estimated by iDraind Jl978l) is very simi- 
lar to the interstellar RF we used, with just a different dilu- 
tion factor; the former has an intensity, in Habing units, of 
G\ - 1.68 G JWeineartner & Drainell200ll) while the latter 
corresponds to G2 — 3.49 Go: therefore, the expected far-IR 
spectrum for the Draine ISRF can be obtained simply by mul- 
tiplying the fluxes we calculated by the ratio G1/G2 — 0.48. As 
another example, the RF in the Orion Bar is very similar to the 
one of IRAS 21282+5050, with a ~ 10-fold relative dilution, 
hence the expected far-IR spectrum for the Orion Bar can be 
obtained, as a first order approximation, dividing the fluxes we 
calculated for IRAS 21282+5050 by a factor of 10. 

PAH emission in IR-inactive modes, if detectable, will pro- 
vide a powerful probe both of the absolute intensity of the 
RF the emitting molecule is embedd ed in and of some poorly 
known molecular carameters (Joblin etalJE002: Malloci et alJ 



to identify specific PAHs upon comparison with astronomical 
observations, but instead affects the accuracy of column density 
(limits) derived using them. This is not an issue for open-shell 
species. 

Overall, as a conservative estimate, we expect our absolute 
estimated far-IR fluxes to be accurate within a factor of 2 and 
our band positions within better than ~2%. 

5. Discussion 

The results in Appendix [C] show the diagnostic potential of 
far-IR observations for the identification of specific PAHs. All 
the molecules in our sample, in the RFs considered, exhibit 
a few relatively strong IR-active bands which dominate its 
far-IR spectrum. These bands, in most cases flopping modes 
of the whole molecule, strongly depend on its size and shape 
and on the rigidity of its bonds. This latter dependence usually 
makes the far-IR spectrum of each cation distinguishable from 
that of its parent neutral, even if similar to it. 

For each species the IR emission spectrum expected for the 
RF of the Red Rectangle halo is considerably "colder" than the 
one expected for the ISM, which in turn is "colder" than that in 
the PDR of IRAS 21282+5050, i.e. a larger and larger flux frac- 
tion is emitted in higher energy bands going from the first to the 
last. This is just the effect of the spectral energy distribution of 
the exciting RF, which in the Monte-Carlo simulations trans- 
lates to a higher average excitation energy £ of the molecules 
(see Table|3. 

Another similar trend which can be seen is that the IR emis- 
sion spectrum of larger molecules is "colder", in the same sense 
as above, than that of smaller ones in the same RF. Again, this 
is expected due to the larger number of vibrational degrees of 
freedom for increasing number of atoms. 

An interesting result of our simulations is the prediction of 
non-negligible emission in far-IR electric-dipole forbidden vi- 
brational transitions. Such emission is essentially the excitation 
energy remaining "trapped" in IR-inactive modes at the end 
of the vibrational cascade following UV-visible absorption. In 
perfect isolation conditions, this energy has no other way out 
but to be slowly emitted via forbidden or very weakly per- 
mitted vibrational transitions. The absorption of an additional 
UV-visible photon by the molecule before it can emit the en- 
ergy trapped in its IR-inactive modes effectively quenches the 
emission of far-IR photons. Hence emission in an IR-inactive 
mode only occurs if its time scale is shorter than or at least com- 
parable to the rate of UV-visible photon absorption. Such con- 
ditions are by and large met in the ISRF, in which the calculated 
fluxes in such bands can be comparable to the lowest energy 
permitted ones. In the Red Rectangle halo, on the other hand, 
the radiation density is high enough to make the absorption of 
another UV-visible photon happen on a timescale comparable 
to that of the emission of photons in IR-inactive modes, which 
is reduced. In the PDR of IRAS 21282+5050 the absorption 
of UV-visible photons completely dominates over the emis- 
sion in all weak IR bands, essentially suppressing them. An 
increase in molecular size produces the same effect, described 
above, of an increase in RF intensity: this happens because the 
photo-absorption cross-sections and, consequently, the photon 



120031 iMulas et alJl2003l.l2006bl) . However, as a cautionary re- 
mark, we recall that in the absence of any information on 
the intensity of electric-dipole forbidden vibrational bands, 
in the model we made the simplification of considering them 
as electric-dipole permitted bands with an oscillator strength 
10 4 times smaller than the average IR-active bands. Therefore, 
while both the asymptotic results calculated for the ISRF (per- 
fect isolation) and for the PDR of IRAS 21282+5050 (complete 
suppression) are expected to be correct, as well as the general 
trends predicted, accurate quantitative results for intermediate 
cases will require either the measurement or the calculation of 
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IR-inactive band intensities. On the plus side, the impact of 
this uncertainty on the accuracy of fluxes in IR-active bands is 
by and large negligible in all cases. 

For comparison with observational data, in the optically 
thin case, the spectra we presented here must be multiplied 
by the assumed column density and the result integrated over 
the instrumental aperture on the sky for extended sources. A 
detailed radiative transfer analysis is needed for the optically 
thick case. We previously performed such a comparison for 
three s mall, neutral PAHs in the Red Rectangle dMulas et alJ 
2006b), and in this case found the expected band intensities 
to be well within the sensitivity of available Infrared Space 
Observatory (ISO) data. This example clearly demonstrated 
the discriminating capabilities of our synthetic spectra with 
presently available ISO observations and even more so for the 
forthcoming HSO mission, which is expected to go about two 
orders of magnitude deeper than ISO in the far-IR. 

5.1. Detectability 

To assess the possibility to identify specific interstellar PAHs in 
a large population of species, we computed the spectrum of a 
weighted sum of all the species in our sample, using the inverse 
of the number of carbon atoms in each molecule as its weight, 
i.e., 



i tot 



1 



PAH 



Nc(PAH) 



tPAH 



(1) 



the summation being over all molecules and charge states in our 
sample, and the single spectra calculated for the Red Rectangle 
halo; k is a normalisation constant which is defined later. 

To assess the problem of detectability, some assumption on 
band shapes had to be made. One major cause of band broaden- 
ing is the overlap of many nearly degenerate vibrational modes 
due to different occurences of the same chemical bond in the 
molecule, such as e.g. out-of-plane C-H bends. This is au- 
tomatically taken into account in our model, which calculates 
separate expected fluxes for all bands, regardless of their near 
degeneracy. 

Another cause of broadening is anharmonicity: almost all 
emitted photons are not due to a transition from a state in which 
one single vibrational mode was singly excited to the ground 
state, but from highly excited states. As an example, Figs. [3] 
and@]show the distribution of the number of photons emitted in 
three vibrational modes as a function of the excitation energy 
of neutral and cationic bisanthene (C28H14), a medium-sized 
molecule of our sample, in the three modelled RFs. 

Figures|5]and|6]show the distribution of the number of pho- 
tons emitted in the same three specific vibrational modes as 
a function of the excitation en ergy in that specific v ibrational 
mode. As described in detail by Oome nTet alJ J2003h . the peak 
position of the bands is a function of vibrational energy (i. e. 
cross-anharmonic shifts) and quantum number (i. e. anhar- 
monic shifts) of the emitting vibrational mode. Knowledge of 
these molecular parameters, together with the distributions in 
energy and quantum number (i. e. Figs. [3] to |6j would enable 
one to derive the effect of anharmonicity on band shape for 
each band. 



Furthermore, intramolecular energy redistribution is ex- 
tremely effective at high excitation energies and causes strong 
lifetime broadening. The rate of radiationless transitions caus- 
ing intramolecular energy redistribution is known to be a 
steep function of molecular vibrational excitation energy. Thus 
again, in principle, if this function were known this broaden- 
ing might be estimated from the distribution of energies of the 
emitting molecules. In the case of the lowest frequency modes, 
lifetime broadening becomes negligible, since they are emit- 
ted preferentially below or only slightly above the decoupling 
energy E dec . 

We performed a completely detailed calculation of an- 
harmonic and lifetime broadening effects on band shape 
for the C-H stretching modes near 3.3 /mi for neutral an- 
thrac ene, ph enanthrene and pyrene in the Red Rectangle 
(Mula s et all E0 06b), using experimental data Jjoblin et alJ 
1995a; P ech et al.l 120021) . Since the molecular parameters re- 
quired for this are only available for few bands of few species, 
we did not include this effect in our present calculations. 




Fig. 3. Distribution of the excitation energies at which photons 
are emitted by neutral bisanthene in three RFs and three vibra- 
tional bands. 




2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14 



Energy (eV) 



Fig. 4. As Fig.[3]for the bisanthene cation. 
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Fig. 5. Distribution of the photons emitted by neutral bisan- 
thene in three RFs and three vibrational bands as a function 
of the vibrational excitation quanta in the mode. 
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Fig. 6. As Fig.[5]for the bisanthene cation. 



Finally, far-IR bands are expected to show rotational pro- 
files. The population of rotational levels, for isolated PA Hs in 
space , is probably far from thermal eq uilibrium JRouan et alJ 
Il992l Le Coupanec etalJll998l Il999l) . While our modelling 
approach can be extended to estimate this precisely, this im- 
plies a huge increase in computational costs, with a factor of 
the order of the number of rotational levels to be traced (i. e. 
~ 10 ). It also requires the detailed knowledge of more molec- 
ular parameters (e.g. the matrix of vibrat ion-rot ation constants 
and anharmonic vibrational parameters, lBarondl2005l) . which 
are not readily available for our sample and far from trivial to 
calculate. We performed such a complete calculation for two 
of the smallest neutral PAHs in o ur sample, na mely naphtha- 
lene and anthracene, as a test case dMulas et alJ20 06a). For the 
present paper, we simulated rotational profiles by including, for 
each band, two relatively broad gaussians, displaced by their 
width crpR on either side of the calculated band origin, repre- 
senting P and R branches and, for perpendicular bands, a nar- 



rower gaussian of width <tq representing the central Q branch. 
A fraction of ~ 20% of the flux in the band was assigned to the 
Q branch, when present, the remaining split evenly between the 
P and R branches. Real values will deviate possibly by a factor 
of ~ 2 from this. The population of levels between different val- 
ues of the quantum number J of the total angular momentum 
is qu alitatively expected to follow a pseudo-thermal distribu- 
tion JRouan et alJI 19921) . its pseudo-temperature scaling with 
the average energy of the emitted IR photons. The parameter 
cr PR in our approximate representation of the P and R branches 
scales with the square root of this pseudo-temperature, since 
they involve tran sitions between states of different J (see e. g. 
ICami et all2004 . 

A c-type 2 band of a planar molecule such as a PAH will 
generally exhibit a sharp central Q branch, since in the rigid 
rotor approximation all the transitions composing it are coinci- 
dent in energy if the rotational constan ts do not chang e between 
the two vibrational states involved JHerzberglll99ll) . For this 
class of molecules, the fractional variation in rotational con- 
stants due to vibrational excitation is usually of the order of 
~ 10~ 4 , arriving at most to ~ 10~ 2 in the infrequent case of 
accidental nea r degeneracy, giving rise to very stro ng Coriolis 
perturbations (Herzber j [l99lt iMulas et alJl2006al) . The tran- 
sitions in the Q branch, by definition, connect states with the 
same J. The relative population of levels with the same J, 
due to Internal Vi bration-Rotation Energy Transfer (IVRET 
iRouan etalJ ll992) remains in thermal equilibrium with the 
bath of vibrational states down to the decoupling energy. This 
means that the relative population of levels with the same J 
will reflect the excitation of the molecule when each photon 
gets emitted. Since low-energy photons are emitted near the 
end of the relaxation cascades, this latter distribution will be 
very "cold" for them. This "cold" relative population of levels 
and the almost unchanged rotational constants in the transition 
conspire to produce Q branches very much sharper than the 
corresponding P and R branches. 

In the absence of reliable estimates in this respect, we had 
to assume a starting point from which to apply the above scal- 
ing relations. We took 0.7 cirT 1 < cr PR < 5.5 cuT 1 for neutral 
naphthalene, which amounts to ps eudo-temperatures in J, cal- 
culated according to the recipe in ICami et all 12004). between 
~10 K (highly subthermal) and ~500 K (highly suprathermal). 
Any realistic value for the environments considered ought to 
fall in such a wide range. 

For ctq, the profile of Q branches will be blurred by anhar- 
monic effects, which are expected to perturb the energy of the 
transition by a fractional amount of less than 1 %, essentially 
of the same order as the empirical correction factors of (i .e. 
~0.96 in this case) commonly used to account for anharmonic- 



2 IR-permitted bands are labelled according to the direction of the 
change of the electric dipole moment in the involved vibrational mode, 
in relation to the axes of the principal momenta of inertia (I,, with i = 
x,y,z) of the molecule. These axes, and the corresponding rotational 
constants and transition types, are labelled in order of increasing I;. A 
c-type band therefore corresponds to a transition in which the electric 
dipole moment changes along the direction of maximum momentum 
of inertia, which for planar molecules is always perpendicular to the 
symmetry plane iHerzbere 1991). 
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Fig. 7. Continuum-subtracted AIBs spectrum of the Red 
Rectangle, from the online ISO spectral database. 
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Fig. 9. ISO SWS and LWS spectrum of the Red Rectangle, 
showing the extrapolated dust continuum to long wavelengths 
(dotted line). 



ity, bringing harmonic frequencies into near coincidence with 
experimental values. 

For a direct comparison with present and forthcoming ob- 
servations, we chose the normalisation factor k in the defini- 
tion of I™ (see Eq. Q by requiring that its integral between 
3 and 14 fim be equal to the integral, over the same wave- 
length interval, of the observed ISO-SWS spectrum of the 
AIBs in the Red Rectangle. The latter spectrum, taken from 
the online ISO database, is reproduced after continuum sub- 
traction in Fig 0for reference. Our synthetic summed spectrum 
is shown in Fig. [8] The same figure also shows, overplotted 
in dotted line for comparison, the estimated dust continuum in 
the Red Rectangle, obtained by extrapolating the long wave- 
length tail of the observed continuum in available ISO-LWS 
observations of the same source with a grey body spectrum 
in the Rayleigh-Jeans approximation (see Fig. |9jl, given (in 
Wcm- 2 fjm- l )bylf sl = A A' 13 , with A = 8.14 10~ I2 ,/3 = 3.31 



and A in yum. This extrapolation is consistent with the spectral 
e nergy dis tribution previously obtained by detailed modelling 
in lMen'shchikov et al.N2002h . 

The molecules in our sample are likely not to be the inter- 
stellar population, as the mid-IR spectra of the mixtures show 
some difference with the interstellar spectra. Nonetheless, this 
combined spectrum serves the intended purpose to get a visual 
estimate of the density of bands, and hence of probable spectral 
congestion, as a function of wavelength. 

In almost all assumed conditions, P and R branches tend to 
blend in a structureless continuum, from which Q branches of 
perpendicular bands stand out more or less clearly depending 
on their assumed width. Indeed, the main obstacle for the de- 
tection and identification of these bands is probably not posed 
by their absolute fluxes, but rather by spectral congestion and 
spectral contrast against a strong background continuum. 

We conclude that a-type and b-type bands of PAHs, which 
display no sharp Q branches, will probably remain unobserv- 
able for the foreseeable future. On the other hand, the Q 
branches of some c-type bands, for some specific molecules, 
might turn out to be observable, if molecular parameters con- 
spire to make them narrow enough. More theoretical and exper- 
imental work will be needed to find the most promising candi- 
dates in the zoo of possible species. 

The density of bands decreases with the wavelength. The 
search for such bands appears therefore favoured at lambda 
> 100-200 jt/m. The decrease of the dust continuum towards the 
millimeter range will make the detection of the bands easier. 
Indeed, Fig.[8]shows that, under the most favourable combina- 
tion of molecular parameters, most of the bands in our sam- 
ple at wavelengths beyond ~120 yum are calculated to have 
peak intensities over 10% of the estimated dust continuum, 
a few of them even exceeding it. Since our sample does not 
reproduce the actual population of interstallar PAHs, chemi- 
cal diversity will dilute the peak intensity of individual bands 
by an unknown factor, especially if this population is evenly 
spread over a vast number of different species. Chemical di- 
versity is produced by many concurrent causes, e. g. different 
carbon skeletons, different hydrogenation and/or charge states, 
inclusion of heteroatoms, substitution of hydrogen atoms at 
the edges by d i fferen t functi onal groups, isotopic substitutions. 
iLe Page et alJ 11200 lL |2003) showed that the population of a 
given PAH in any given environment is expected to be dom- 
inated by one or two ionisation and hydrogen ation states, de- 
pending on its size and physical conditions. Mul as et al J 112003) 
showed the effect of the most likely isotopic substitutions on 
low-energy bands to be extremely small in the test case of ova- 
lene, which makes it negligible in the present context. As to the 
other causes of diversity we mentioned above, chemical selec- 
tion effects will favour the most stable species over the others, 
so that the most abundant of them may be detectable in the 
far-IR. Dedicated laboratory experiments, based on tentative 
identifications, will be needed to say the final word. 

HSO could be the ideal tool for this difficult quest, with 
its combined sensitivity and spectral resolving power in the 
far-IR. The target of choice for such a search would be a source 
with the following properties: 
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Fig. 8. Weighted sum of the spectra of all PAHs in our sample, calculated for the Red Rectangle halo (see text for its exact defi- 
nition). The dotted line shows, for comparison, the estimated dust continuum in the same source. Different panels correspond to 
different assumptions of rotational excitations and anharmonic widths of the bands. The axes are in logarithmic scale, wavelength 
in abscissa and flux in ordinate. 



- it should be a known powerful source of the AIBs; 

- it should be an environment with mild excitation condi- 
tions, i.e. with a not too strong far-UV RF (to avoid a "hot" 
dust continuum) but with enough near-UV photons to ef- 
fectively excite PAH emission. 

The above description clearly fits carbon-rich circumstellar en- 
vironments such as the Red Rectangle as well as some rela- 
tively bright photon-dominated regions (e.g. the Orion Bar). 
On the other hand, neither the diffuse ISM (too weak AIBs) nor 
Planetary Nebulae (too strong far-UV flux) would be among 
the best targets. 
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Appendix A: Quantitative impact of the use of 
theoretical photo-absorption cross-section 



Table lA. ll summarises the integrated photon absorption rates % 
and the average energy £ of the absorbed photons computed 
using theoretical and laboratory photo-absorption cross sec- 
tions. The overall agreement is good for all four molecules in 
the case of the photodissociation region of the planetary nebula 
IRAS 21282+5050, whose radiation field (RF) is rather flat and 
thus most insensitive to the small differences between labora- 
tory and theoretical absorption spectra (see Fig.[Q. The largest 
differences, for opposite reasons, can be seen for the RF of the 
Red Rectangle, mostly for the two smallest molecules, namely 
anthracene and pyrene. In the worst case, the % value calculated 
using <t± is overestimated by about a factor of ~3, while £ is 
underestimated by about ~40%. These two errors are systemat- 
ically in opposite directions, since they both stem from the rel- 
atively small differences in the absorption band theoretical po- 
sitions at low energies and the steepness of the RFs. Hence the 
energy absorption rate, i .e. the energy absorbed per unit time 
by a single molecule embedded in a given RF, obviously given 
by % ■ £, is more accurate than %. In any standard PAH model 
the energy absorption rate fi& of a molecule equals by and 
large the total power it radiates in all of its vibrational bands, 
while £ governs their relative intensities. 

Tables IA.2I to IA.5I compare the calculated IR emission 
spectra resulting from synthetic (<x th ) and laboratory (o"i a b) 
photo-absorption cross sections. The agreement is quantita- 
tively very good and the relative intensities among IR bands is 
very accurate, with differences of the order of, at most, ~20%. 



Figures IATTI to IAT4I show the comparison between cr th and 
o"iab and the impact of their differences on the estimated en- 
ergy-dependent absorption rates in the three RFs considered 
for anthracene, pyrene, coronene and ovalene. 



Table A.l. Comparison between the integrated photon absorp- 
tion rates fi (in s~') and the average absorbed energy £ (in eV) 
computed using theoretical (<x t b, Malloci et al. 2004) and labo- 
ratory (o"i a t,, Joblin 1992; Jo blin et alJI 19921) photo-absorption 
cross-sections for anthracene, pyrene, coronene and ovalene in 
the three RFs considered. 
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Fig. A.l. The top pane l shows the c omparison b etwee n the 
measured (dotted line; Joblin 1992; Jobl in et alJ 1 1992) and 
the theoretical pho to-absorption cross section up to 13.6 eV 
(continuous line; Mall oci et alJ l2004h for anthracene. The 
cross-sections are expressed in Megabarns (1 Mb=10~ 18 cm 2 ). 
The three panels below show the comparison between the 
resulting energy-dependent photon absorption rates for a 
molecule embedded in the three RFs considered. 
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Table A.2. Comparison between various model runs for neutral anth racene (C14H10), using either the experimental (criA. ljoblir] 
I99i IJoblin et all 19921) or the theoretical (<x th , Malloci et al. 2004) photo-absorption spectrum, in different RFs. Bands which 
are electric-dipole forbidden are enclosed in square brackets in the first column. In each of the other columns, we list the absolute 
flux emitted by one molecule in a given band and RF and, in parentheses, the flux fraction in that band. Bands whose calculated 
flux fraction in the ISRF is less than 0.05% are omitted. 
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Appendix B: Comparison between detailed and 
approximated PAH photophysics 

Tables from IB . 1 1 to IB . 3 1 shows the comparison between model 
runs for neutral anthracene, phenanthrene and pyrene, either 
taking into account the detailed relaxation channels available 
or assuming only IR de-excitation. Neglecting fluorescence 
and phosphorescence leads to an overestimation of the abso- 
lute emission fluxes by up to a factor ~2 in the worst case 
for the high energy bands. Low energy bands are almost un- 



affected. This is because fluorescence and/or phosphorescence, 
when they occur, essentially cause the molecule to "skip" the 
high excitation part of the vibrational cascade, in which high 
energy vibrational photons are preferentially emitted, while the 
low energy vibrational photons are emitted near the end of the 
emission cascade and this part is never skipped anyway. 

All closed-shell (e. g. neutral, fully hydrogenated) PAHs, 
upon excitation S„ <— So, will almost always (i. e. if they don't 
ionise or dissociate) undergo very fast internal conversion (IC) 
to a low lying singlet electronic level S m , which is usually Si 
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Table A.3. As Table lA~2l for neutral pyrene (Ci 6 H 10 ). 



Integrated flux 
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(e. g. lLeachlll995alht) . with few exceptions (e. g. fluorene, for 
which it is S2). From there, three relaxation channels are avail- 
able, their branching ratios being dependent on the vibrational 
energy available: 

1. fluorescence S m — > So with a permitted electronic transi- 
tion, the remaining energy being subsequently radiated by 
vibrational transitions in So; relaxation of small PAHs via 
this path is the proposed origi n of the blue lum inescence 
observed in the Red Rectangle JViih et all2004l 12005): 

2. direct S,„ ~~> Ti or indirect S m T„ T\ intersystem 
crossing, a radiationless transition followed by the emission 
of a phosphorescence photon in a Ti — > So spin-forbidden, 



electronic-permitted transition; the remaining energy is ra- 
diated in vibrational transitions either (almost always) from 
So after the phosphorescence transition or (very seldom) 
from the first triplet state Ti before it; 
3. IC S m ~~> So, a radiationless transition, after which essen- 
tially all the excitation energy is radiated by vibrational 
transitions. 

According to experimental results ( Brechisnac 2005), the rate 
of fluorescence transitions (1) is essentially independent of the 
excitation energy. The rate of radiationless transitions (2) in- 
creases slightly with excitation energy for the three molecules 
considered. The relaxation path (3) by IC to the ground state 



Mulas, Malloci, Joblin & Toublanc: A model for the identification of PAHs in the far-IR 
Table A.4. As TableEOlfor neutral coronene (C24H12). 
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Integrated flux 
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is opened only when some excess vibrational energy in S,„ is 
available, such threshold depending on the specific molecule, 
varying e. g. from ~2 10 3 cm " 1 for anthracene to ~4 10 4 cm -1 
for pyrene (Brechignac 2005). Above this threshold the rate of 




0.0020 r 
0.001 5 
0.001 
0.0005 
0.0000 



6 8 10 
Energy (eV) 



> 



o 



< 



400 
200 


6x10~ 6 
4x10" 6 
2x10 -6 



1 x10" 7 
5x10 -8 


0.004 
0.003 
0.002 
0.001 
0.000 




Red Rectangle - 




SRF 5kpc 




RAS 21282+5050 




6 8 10 
Energy (eV) 



' 4 



Fig. A.3. Same as Fig. lA.ll for coronene (C24H12). 

IC to So (3) exponentially increases, becoming by and large the 
dominant relaxation path. 



Fig.A.2. Same as Fig. lA.ll for pyrene (Ci6H I0 ). 
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Table A.5. As Table lA.2l for neutral ovalene (C 32 Hi 4 ). 



Integrated flux 
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Table B.l. Comparison between model runs for neutral an- 
thracene assuming the detailed relaxation channels available 
or considering only IR de-excitation. We list the absolute flux 
emitted by one molecule in the Red Rectangle RF and, in 
parentheses, the flux fraction in that band. Bands whose calcu- 
lated flux fraction is <0.03% are omitted. Electric-dipole for- 
bidden bands are enclosed in square brackets. 



6 8 10 12 14 
Energy (eV) 



Fig.A.4. Same as Fig. lA.ll for ovalene (C32H14). 
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Table B.2. As Table.|C5]for neutral phenanthrene (C14H10). Table B.3. As TablePlfor neutral pyrene (Ci 6 Hi ). 
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(0.24) 


6.23 


8.8 


10- 


-29 


(0.16) 


1.4 


10- 


-28 


(0.16) 


6.27 


6.9 


10- 


-28 


(1.27) 


1.1 


10- 


-27 


(1.33) 


6.57 


2.6 


10- 


-28 


(0.48) 


4.8 


10- 


-28 


(0.57) 


6.68 


1.1 


10- 


-27 


(2.07) 


1.9 


10- 


-27 


(2.18) 


6.84 


2.2 


10- 


-27 


(4.05) 


3.7 


10- 


-27 


(4.30) 


6.93 


5.7 


10- 


-28 


(1.05) 


9.7 


10- 


-28 


(1.14) 


7.04 


1.0 


10- 


-28 


(0.18) 


1.8 


10- 


-28 


(0.21) 


7.06 


1.5 


10- 


-28 


(0.27) 


2.4 


10- 


-28 


(0.28) 


7.45 


3.5 


10- 


-28 


(0.64) 


5.6 


10" 


-28 


(0.66) 


7.70 


2.4 


10- 


-28 


(0.45) 


4.1 


10" 


-28 


(0.48) 


8.00 


1.5 


10- 


-27 


(2.68) 


2.3 


10" 


-27 


(2.71) 


8.16 


1.4 


10- 


-28 


(0.25) 


2.1 


10" 


-28 


(0.25) 


8.31 


3.0 


10- 


-28 


(0.55) 


4.9 


10" 


-28 


(0.57) 


8.46 


1.0 


10- 


-28 


(0.19) 


1.6 


10- 


-28 


(0.19) 


8.60 


3.7 


10- 


-29 


(0.07) 


5.8 


10- 


-29 


(0.07) 


8.71 


1.9 


10- 


-28 


(0.36) 


3.2 


10" 


-28 


(0.37) 


9.15 


1.3 


10- 


-28 


(0.23) 


2.0 


10" 


-28 


(0.23) 


9.63 


5.4 


10- 


-28 


(0.99) 


8.6 


10" 


-28 


(1.01) 


9.66 


9.5 


10- 


-29 


(0.18) 


1.4 


10" 


-28 


(0.17) 


10.01 


2.1 


10- 


-28 


(0.38) 


3.2 


10" 


-28 


(0.37) 


10.53 


6.2 


10- 


-28 


(1.15) 


9.3 


10" 


-28 


(1.09) 


11.48 


1.5 


10- 


-27 


(2.71) 


2.3 


10" 


-27 


(2.64) 


11.49 


2.2 


10- 


-28 


(0.40) 


3.1 


10" 


-28 


(0.37) 


12.05 


2.9 


10- 


-29 


(0.05) 


3.5 


10" 


-29 


(0.04) 


12.24 


7.5 10" 


27 


(13.83) 


1.2 10- 


26 


(13.46) 


12.70 


2.8 


10- 


-29 


(0.05) 


2.3 


10" 


-29 


(0.03) 


13.23 


3.0 10 


-29 


(0.05) 


3.2 10 


-29 


(0.04) 


13.58 


8.9 10" 


27 


(16.30) 


1.3 


10- 


26 


(15.56) 


13.95 


3.1 


10- 


-28 


(0.58) 


4.3 


10" 


-28 


(0.50) 


13.98 


1.8 


10- 


-28 


(0.33) 


2.6 


10" 


-28 


(0.30) 


14.12 


4.6 


10- 


-29 


(0.08) 


4.8 


10" 


-29 


(0.06) 


15.94 


5.2 


10- 


-28 


(0.96) 


7.3 


10" 


-28 


(0.85) 


[16.86] 


6.3 


10- 


-29 


(0.12) 


6.2 


10" 


-29 


(0.07) 


18.19 


1.1 


10- 


-28 


(0.21) 


1.2 


10" 


-28 


(0.14) 


[18.73] 


7.6 


10- 


-29 


(0.14) 


7.5 


10" 


-29 


(0.09) 


19.99 


1.6 


10- 


-28 


(0.29) 


1.8 


10" 


-28 


(0.21) 


20.07 


4.0 


10- 


-28 


(0.74) 


5.5 


10" 


-28 


(0.64) 


22.75 


2.4 


10- 


-28 


(0.44) 


2.8 


10" 


-28 


(0.33) 


23.25 


4.8 


10- 


-28 


(0.88) 


6.3 


10" 


-28 


(0.74) 


24.72 


1.5 


10- 


-28 


(0.28) 


1.7 


10" 


-28 


(0.20) 


[25.36] 


1.3 


10- 


-28 


(0.23) 


1.2 


10" 


-28 


(0.14) 


41.08 


2.4 


10- 


-28 


(0.45) 


2.5 


10" 


-28 


(0.29) 


[41.68] 


1.8 


10- 


-28 


(0.34) 


1.9 


10" 


-28 


(0.22) 


44.26 


3.1 


10- 


-28 


(0.57) 


3.5 


10- 


-28 


(0.41) 


100.13 


3.5 


10" 


-28 


(0.65) 


3.4 


10- 


-28 


(0.40) 


[105.47] 


1.3 


10- 


-28 


(0.25) 


1.4 


10" 


-28 


(0.16) 



Peak 
(/mi) 



Detailed 

(Wsr 1 ) (%) 



Approximated 
(Wsr 1 ) (%) 



3.25 


9.6 10- 


27 


(17.55) 


1.4 10- 


26 


(19.15) 


3.26 


9.3 


10- 


27 


(16.94) 


1.3 10- 


26 


(18.61) 


3.27 


2.6 


10 


-27 


(4.70) 


3.6 


10- 


-27 


(5.05) 


3.29 


3.6 


10 


-28 


(0.66) 


4.9 


10- 


-28 


(0.68) 


6.26 


8.4 


10 


-28 


(1.53) 


1.1 


10- 


-27 


(1.60) 


6.31 


1.9 


10 


-27 


(3.53) 


2.6 


10- 


-27 


(3.58) 


6.78 


6.1 


10 


-28 


(1.12) 


7.9 


10- 


-28 


(1.10) 


6.92 


7.4 


10 


-29 


(0.14) 


1.1 


10- 


-28 


(0.15) 


7.01 


1.8 


10 


-28 


(0.32) 


2.5 


10- 


-28 


(0.34) 


7.01 


1.8 


10 


-27 


(3.30) 


2.3 


10- 


-27 


(3.26) 


7.61 


9.8 


10 


-28 


(1.78) 


1.3 


10- 


-27 


(1.77) 


7.98 


5.6 


10 


-28 


(1.02) 


7.0 


10- 


-28 


(0.98) 


8.42 


1.5 


10 


-27 


(2.75) 


2.0 


10- 


-27 


(2.74) 


8.62 


2.4 


10 


-28 


(0.43) 


3.0 


10- 


-28 


(0.41) 


1 ^ 
y.io 


7.1 


10 


-28 


(1.29) 


8.8 


10- 


-28 


(1.23) 


10.04 


8.4 


10 


-29 


(0.15) 


1.1 


10- 


-28 


/A 1 C\ 

(0.15) 


10.25 


3.7 


10 


-28 


(0.67) 


4.9 


10- 


-28 


(0.08) 


1 n An 
10.4 / 


3.3 


10 


-29 


/A C\CS\ 

(U.Uo) 


4.0 


10" 


-29 


(O.Oo) 


11. /y 


1.5 


10- 


26 


en new 

(27.79) 


1.9 10" 


26 


(25. yo) 


12.20 


4.0 


10 


-28 


/A HA \ 

(0.74) 


4.9 


10- 


-28 


(0.D9) 


13.40 


1.2 


10 


-27 


(2.14) 


1.4 


10- 


-27 


(1.93) 


14.UD 


3.6 


10 


-27 


(O.JJ) 


4.3 


10- 


-27 


(0.03) 


1/1 A Q 

14.43 


4.1 


10 


-29 


/"A AT\ 

(0.07) 


4.2 


10- 


-29 


(O.OO) 


14.75 


2.6 


10 


-29 


(0.05) 


2.7 


10- 


-29 


(0.04) 


[1 /.2oJ 


4.5 


10 


-29 


(U.U8) 


4.5 


10- 


-29 


(O.OO) 


[17.34] 


4.6 


10 


-29 


(0.08) 


4.7 


10- 


-29 


(0.07) 


18.20 


2.6 


10 


-28 


(0.48) 


3.1 


10- 


-28 


(0.43) 


r 1 ooi 
LIS. 98] 


5.5 


10 


-29 


(0.10) 


5.6 


10- 


-29 


(0.08) 


[19.82] 


6.1 


10 


-29 


(0.11) 


6.2 


10- 


-29 


(0.09) 


[19.93] 


0.4 


1 n 
1 u 


-29 


(0.12) 


5.8 


10- 


-29 


(0.08) 


20.00 


2.6 


10 


-28 


(0.48) 


2.9 


10- 


-28 


(0.40) 


20.38 


1.8 


10 


-28 


(0.33) 


2.0 


10- 


-28 


(0.27) 


[21.96] 


7.2 


10 


-29 


(0.13) 


7.5 


10- 


-29 


(0.10) 


[24.64] 


8.7 


10 


-29 


(0.16) 


8.7 


10- 


-29 


(0.12) 


[25.27] 


9.1 


10 


-29 


(0.17) 


8.8 


10- 


-29 


(0.12) 


28.32 


1.8 


10 


-28 


(0.32) 


1.8 


10- 


-28 


(0.26) 


[38.63] 


1.4 


10 


-28 


(0.26) 


1.4 


10- 


-28 


(0.20) 


[40.66] 


1.5 


10 


-28 


(0.27) 


1.5 


10- 


-28 


(0.21) 


47.80 


3.3 


10 


-28 


(0.61) 


3.6 


10- 


-28 


(0.50) 


[66.26] 


1.7 


10 


-28 


(0.32) 


1.6 


10- 


-28 


(0.23) 


101.60 


2.6 


10 


-28 


(0.46) 


2.5 


10- 


-28 


(0.35) 
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Appendix C: Detailed far-IR spectra for all 
molecules in the sample 

In the following, we report in full detail all the calculated 
far-IR spectra for our sample of molecules and RFs. In each 
table, we listed band positions and expected integrated fluxes. 
Only bands redwards of ~15 fj.m are included. Bands whose 
calculated flux fraction in the ISRF is <0.05% of the total IR 
emission were omitted. The positions of electric-dipole for- 
bidden bands are enclosed in square brackets. Bands corre- 
sponding to vibrations parallel or perpendicular to the symme- 
try plane of the molecule are marked by || and _L, respectively. 

Table C.l. Predicted far-IR (A pe! ± > 15 /urn) emission spec- 
trum of one molecule of neutral naphthalene (CioHg) in differ- 
ent exciting RFs. Under optically thin conditions total fluxes 
can be obtained simply multiplying these fluxes by the appro- 
priate column density. 



Table C.l. As Fig. lC.ll for the naphthalene cation (Ci H+) 







Integrated flux 










Red 


IRAS 


Peak 


ISRF 


Rectangle 


21282+5050 


(^m) 


(W sr~') (%) 


(W sr" 1 ) (%) 


(W sr 1 


) (%) 


|| 16.37 


2.4 10 -29 (0.74) 


1.1 10~ 27 (0.98) 


1.2 10~ 24 


(0.56) 


[17.83] 


8.1 10~ 30 (0.25) 


4.3 10~ 28 (0.38) 


1.3 10~ 26 


(0.01) 


[19.96] 


9.6 10- 30 (0.29) 


4.4 10~ 28 (0.40) 


1.1 10~ 26 


(0.01) 


[20.72] 


1.0 10~ 29 (0.31) 


4.7 10~ 28 (0.42) 


1.5 10~ 26 


(0.01) 


[22.77] 


1.1 10~ 29 (0.33) 


5.3 10~ 28 (0.48) 


1.2 10~ 26 


(0.01) 


J_ 23.64 


3.5 10- 29 (1.06) 


1.5 10~ 27 (1.39) 


1.6 10~ 24 


(0.76) 


[27.07] 


1.3 10- 29 (0.38) 


6.4 10~ 28 (0.58) 






1128.31 


1.5 10- 29 (0.46) 


7.4 10- 28 (0.67) 


5.4 10- 25 


(0.25) 


[55.16] 


1.9 10~ 29 (0.58) 


8.1 10- 28 (0.73) 






J_ 63.98 


2.1 10~ 29 (0.63) 


1.0 10- 27 (0.95) 


5.6 10~ 25 


(0.26) 



Integrated flux 

Red IRAS 



Peak ISRF Rectangle 21282+5050 

Oum) (Wsr')(%) (Wsr 1 )(%) (Wsr')(%) 



|| 15.82 


1.6 10~ 


-29 


(0.51) 


2.5 10- 


-2<S 


(0.62) 


1.4 10- 


-24 


(0.48) 


[15.90] 


4.3 10- 


-30 


(0.14) 


7.3 10- 


-29 


(0.18) 








[19.50] 


5.4 10- 


-30 


(0.18) 


9.7 10- 


-29 


(0.24) 








[19.54] 


5.4 10- 


-30 


(0.18) 


9.4 10" 


-29 


(0.23) 








_L 20.88 


4.7 10- 


-29 


(1.53) 


7.5 10" 


-28 


(1.83) 


4.1 10- 


-24 


(1.45) 


[21.16] 


6.0 10- 


-30 


(0.20) 


1.0 10" 


-2<S 


(0.25) 








[25.75] 


7.3 10- 


-30 


(0.24) 


1.3 10" 


-28 


(0.31) 








|| 27.74 


9.1 10- 


-30 


(0.30) 


1.6 10" 


-28 


(0.40) 


6.6 10 


-25 


(0.23) 


[53.95] 


1.1 io- 


-29 


(0.36) 


1.8 10" 


-28 


(0.43) 








_L 58.56 


1.2 10- 


-29 


(0.39) 


2.0 10" 


-2<S 


(0.49) 


4.9 10- 


-25 


(0.17) 



Table C.3. As Fig.Ofor fluorene (C13H10). 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Oum) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



_L 15.78 


3.7 10" 


-30 


(0.10) 


6.8 10- 


-29 


(0.11) 


2.4 10 


-25 


(0.07) 


|| 16.04 


3.7 10- 


-29 


(0.97) 


6.9 10" 


-28 


(1.17) 


3.1 10" 


-24 


(0.89) 


[17.69] 


2.5 10" 


-30 


(0.07) 


5.3 10- 


-29 


(0.09) 








|| 18.49 


3.4 10" 


-30 


(0.09) 


7.3 10" 


-29 


(0.12) 


1.7 10" 


-25 


(0.05) 


J_ 20.56 


6.6 10- 


-30 


(0.17) 


1.3 10" 


-28 


(0.22) 


4.7 10- 


-25 


(0.14) 


|| 20.65 


5.3 10" 


-30 


(0.14) 


1.1 10- 


-28 


(0.18) 


3.7 10" 


-25 


(0.11) 


[23.72] 


4.4 10- 


-30 


(0.11) 


8.4 10" 


-29 


(0.14) 








|| 23.83 


6.2 10" 


-30 


(0.16) 


1.3 10" 


-28 


(0.21) 


3.6 10" 


-25 


(0.11) 


J_ 23.92 


2.6 10- 


-29 


(0.68) 


5.1 10" 


-28 


(0.85) 


2.1 10- 


-24 


(0.60) 


[39.45] 


7.3 10" 


-30 


(0.19) 


1.4 10- 


-28 


(0.23) 








_L 40.26 


1.7 10- 


-29 


(0.43) 


3.3 10" 


-28 


(0.55) 


1.2 10- 


-24 


(0.36) 


|| 45.48 


8.2 10- 


-30 


(0.21) 


1.7 10- 


-28 


(0.29) 


9.4 10- 


-26 


(0.03) 


[60.73] 


9.3 10" 


-30 


(0.24) 


1.5 10" 


-28 


(0.25) 








_L 135.37 


1.2 10- 


-29 


(0.31) 


2.5 10" 


-28 


(0.43) 


5.9 10" 


-26 


(0.02) 
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Table C.4. As Fig. lC.ll for the fluorene cation (Ci 3 H| ). Table C.6. As Fig. lC.ll for the anthracene cation (Ci 4 H[ ). 



Peak 
(fim) 



Integrated flux 



Integrated flux 



ISRF 

(W sr" 1 ) (%) 



Red 
Rectangle 
(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



Peak 
(pm) 



(W sr 



ISRF 

')(%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



_L 15.15 


5.0 


10" 


-29 


(0.90) 


2.4 10" 


27 (1.06) 


2.0 


io- 


-24 


(0.68) 


|| 15.08 


9.2 


io- 


-30 


(0.13) 


4.1 


io- 


-28 


(0.15) 


2.5 10- 


-25 


(0.07) 


|| 16.14 


7.3 


10" 


-30 


(0.13) 


3.7 10 


28 (0.16) 


1.8 


io- 


-25 


(0.06) 


[15.94] 


5.3 


io- 


-30 


(0.08) 


2.5 


io- 


-28 


(0.09) 








|| 16.35 


1.1 


io- 


-28 


(1.91) 


5.1 10" 


- 27 (2.23) 


3.9 


io- 


-24 


(1.37) 


|| 16.56 


6.9 


io- 


-30 


(0.10) 


3.6 


io- 


-28 


(0.13) 


1.9 10 


-25 


(0.05) 


|| 18.92 


1.4 


io- 


-29 


(0.26) 


7.2 10' 


28 (0.32) 


4.3 


io- 


-25 


(0.15) 


[17.97] 


7.0 


io- 


-30 


(0.10) 


3.5 


io- 


-28 


(0.13) 








[20.11] 


8.1 


io- 


-30 


(0.15) 


3.7 10" 


28 (0.16) 










[19.41] 


8.3 


io- 


-30 


(0.12) 


4.2 


io- 


-28 


(0.16) 








[20.38] 


7.8 


io- 


-30 


(0.14) 


4 10- 28 (0.17) 










[20.84] 


9.8 


io- 


-30 


(0.14) 


5.0 


io- 


-28 


(0.19) 








[22.64] 


9.6 


io- 


-30 


(0.17) 


4.5 10' 


28 (0.20) 










[22.02] 


1.1 


io- 


-29 


(0.16) 


5.4 


io- 


-28 


(0.20) 








_L 22.84 


3.1 


io- 


-29 


(0.56) 


1.6 10- 


27 (0.71) 


9.9 


io- 


-25 


(0.35) 


_L 22.81 


7.5 


io- 


-29 


(1.10) 


3.6 


io- 


-27 


(1.34) 


2.7 10- 


-24 


(0.69) 


|| 24.23 


1.2 


io- 


-29 


(0.22) 


6.1 10" 


28 (0.27) 


2.1 


io- 


-25 


(0.07) 


[26.02] 


1.4 


io- 


-29 


(0.21) 


6.7 


io- 


-28 


(0.25) 








_L 25.54 


1.6 


io- 


-29 


(0.30) 


9.3 10" 


28 (0.41) 


4.3 


io- 


-25 


(0.15) 


±26.51 


1.5 


io- 


-29 


(0.22) 


8.0 


io- 


-28 


(0.30) 


2.0 10- 


-25 


(0.05) 


[40.59] 


1.8 


io- 


-29 


(0.33) 


7.2 10- 


28 (0.32) 










[26.90] 


1.5 


io- 


-29 


(0.22) 


7.4 


io- 


-28 


(0.27) 








_L 43.62 


2.7 


io- 


-29 


(0.49) 


1.5 10- 


27 (0.64) 


6.7 


io- 


-25 


(0.24) 


[37.28] 


2.2 


io- 


-29 


(0.33) 


9.5 


io- 


-28 


(0.35) 








1147.31 


2.2 


io- 


-29 


(0.40) 


1.2 10- 


27 (0.52) 


2.5 


io- 


-25 


(0.09) 


|| 44.40 


2.9 


io- 


-29 


(0.43) 


1.5 


io- 


-27 


(0.55) 


6.5 10 


-25 


(0.17) 


[78.65] 


2.6 


io- 


-29 


(0.48) 


5.4 10- 


28 (0.24) 










[45.89] 


2.6 


io- 


-29 


(0.37) 


1.0 


io- 


-27 


(0.38) 








J_ 122.23 


3.1 


io- 


-29 


(0.56) 


1.7 10' 


27 (0.74) 


1.3 


io- 


-25 


(0.04) 


[83.78] 


3.4 


io- 


-29 


(0.49) 


9.5 


io- 


-28 


(0.35) 






























_L 115.42 


3.8 


io- 


-29 


(0.56) 


2.0 


io- 


-27 


(0.74) 


2.7 10" 


-25 


(0.07) 



Table C.5. As Fig.Olfor anthracene (C14H10). 



Table C.7. As Fig.lCTlfor phenanthrene (C14H10). 



Peak 
O^m) 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



|| 15.33 


9.6 


io- 


-30 


(0.23) 


3.9 


io- 


-28 


(0.31) 


7.0 10 


-25 


(0.20) 


[15.71] 


2.2 


io- 


-30 


(0.05) 


9.9 


io- 


-29 


(0.08) 








|| 16.34 


4.4 


io- 


-29 


(1.04) 


1.7 


io- 


-27 


(1.36) 


3.2 10- 


-24 


(0.93) 


[17.11] 


2.6 


io- 


-30 


(0.06) 


1.1 


io- 


-28 


(0.09) 








[18.71] 


3.3 


io- 


-30 


(0.08) 


1.4 


io- 


-28 


(0.11) 








[20.04] 


3.6 


io- 


-30 


(0.09) 


1.6 


io- 


-28 


(0.13) 








[21.02] 


3.9 


io- 


-30 


(0.09) 


1.8 


io- 


-28 


(0.14) 








_L 21.26 


7.7 


io- 


-29 


(1.85) 


3.1 


io- 


-27 


(2.49) 


5.6 10- 


-24 


(1.61) 


[25.45] 


5.5 


io- 


-30 


(0.13) 


2.2 


io- 


-28 


(0.18) 








[25.62] 


5.4 


io- 


-30 


(0.13) 


2.3 


io- 


-28 


(0.18) 








_L 26.35 


5.9 


io- 


-30 


(0.14) 


2.6 


io- 


-28 


(0.21) 


6.5 10- 


-26 


(0.02) 


[37.41] 


8.2 


io- 


-30 


(0.20) 


3.2 


io- 


-28 


(0.26) 








[43.01] 


8.8 


io- 


-30 


(0.21) 


3.4 


io- 


-28 


(0.27) 








1143.68 


1.2 


io- 


-29 


(0.29) 


5.3 


io- 


-28 


(0.43) 


6.1 10 


-25 


(0.18) 


[82.09] 


1.3 


io- 


-29 


(0.30) 


3.0 


io- 


-28 


(0.24) 








J_ 110.23 


1.4 


io- 


-29 


(0.33) 


6.4 


io- 


-28 


(0.51) 


1.8 10" 


-25 


(0.05) 



Peak 
Qim) 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 
(Wsr')(%) 



|| 15.94 


2.9 


io- 


-29 


(0.70) 


7.3 


io- 


-28 


(0.85) 


2.2 


io- 


-24 


(0.61) 


[16.86] 


2.2 


io- 


-30 


(0.05) 


6.2 


io- 


-29 


(0.07) 










|| 18.19 


4.5 


io- 


-30 


(0.11) 


1.2 


io- 


-28 


(0.14) 


2.7 


io- 


-25 


(0.07) 


[18.73] 


2.8 


io- 


-30 


(0.07) 


7.5 


io- 


-29 


(0.09) 










|| 19.99 


6.8 


io- 


-30 


(0.16) 


1.8 


io- 


-28 


(0.21) 


4.7 


io- 


-25 


(0.13) 


_L 20.07 


2.0 


io- 


-29 


(0.48) 


5.5 


io- 


-28 


(0.64) 


1.6 


io- 


-24 


(0.44) 


|| 22.75 


1.0 


io- 


-29 


(0.25) 


2.8 


io- 


-28 


(0.33) 


7.4 


io- 


-25 


(0.21) 


J_ 23.25 


2.4 


io- 


-29 


(0.57) 


6.3 


io- 


-28 


(0.74) 


1.8 


io- 


-24 


(0.50) 


|| 24.72 


6.1 


io- 


-30 


(0.15) 


1.7 


io- 


-28 


(0.20) 


3.0 


io- 


-25 


(0.08) 


[25.36] 


4.9 


io- 


-30 


(0.12) 


1.2 


io- 


-28 


(0.14) 










1141.08 


8.7 


io- 


-30 


(0.21) 


2.5 


io- 


-28 


(0.29) 


2.4 


io- 


-25 


(0.07) 


[41.68] 


7.8 


io- 


-30 


(0.19) 


1.9 


io- 


-28 


(0.22) 










J_ 44.26 


1.2 


io- 


-29 


(0.30) 


3.5 


io- 


-28 


(0.41) 


7.5 


io- 


-25 


(0.21) 


_L 100.13 


1.2 


io- 


-29 


(0.30) 


3.4 


io- 


-28 


(0.40) 


1.3 


io- 


-25 


(0.04) 


[105.47] 


1.1 


io- 


-29 


(0.27) 


1.4 


io- 


-28 


(0.16) 
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Table C.8. As Fig. lC.ll for the phenanthrene cation (Ci 4 H|„). Table CIO. As Fig. lC.ll for the pyrene cation (Ci 6 H} n ). 



Peak 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 
(W sr" 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



|| 16.49 


7.1 


10" 


-29 


(1.12) 


3.6 


io- 


-2<8 


(1.35) 


2.4 


io- 


-24 


(0.70) 


|| 18.23 


1.1 


io- 


-29 


(0.18) 


5.9 


io- 


-29 


(0.22) 


2.4 


io- 


-25 


(0.07) 


[18.34] 


7.0 


io- 


-30 


(0.11) 


3.8 


io- 


-29 


(0.14) 










|| 20.26 


1.3 


io- 


-29 


(0.20) 


7.8 


io- 


-29 


(0.29) 


3.3 


io- 


-25 


(0.10) 


[20.82] 


9.0 


io- 


-30 


(0.14) 


4.6 


io- 


-29 


(0.17) 










_L 21.17 


1.1 


io- 


-29 


(0.17) 


5.7 


10" 


-29 


(0.21) 


1.4 


io- 


-25 


(0.04) 


|| 22.98 


1.2 


io- 


-29 


(0.19) 


6.6 


io- 


-29 


(0.25) 


1.8 


io- 


-25 


(0.05) 


_L 24.51 


3.0 


io- 


-29 


(0.48) 


1.6 


io- 


-28 


(0.60) 


7.9 


io- 


-25 


(0.23) 


|| 25.38 


1.4 


io- 


-29 


(0.22) 


7.2 


io- 


-29 


(0.27) 


1.4 


io- 


-25 


(0.04) 


[26.47] 


1.4 


io- 


-29 


(0.22) 


7.8 


io- 


-29 


(0.29) 










1141.63 


2.3 


io- 


-29 


(0.37) 


1.3 


io- 


-28 


(0.48) 


3.7 


io- 


-26 


(0.01) 


[42.88] 


2.4 


io- 


-29 


(0.38) 


1.2 


io- 


-28 


(0.45) 










_L 47.27 


3.1 


io- 


-29 


(0.48) 


1.7 


io- 


-28 


(0.63) 


6.3 


io- 


-25 


(0.18) 


_L 98.06 


3.6 


io- 


-29 


(0.57) 


2.0 


10" 


-28 


(0.75) 


2.3 


io- 


-25 


(0.07) 


[121.17] 


3.6 


io- 


-29 


(0.57) 


1.6 


10" 


-28 


(0.59) 











Table C.9. As Fig. Ofor pyrene (Ci 6 H 10 ). 



Integrated flux 



Red 



IRAS 



Peak 

Qj.m) 


ISRF 

(W sr 1 ) (%) 


Rectangle 

(W sr 1 ) (%) 


21282+5050 
(W sr 1 ) (%) 


[15.02] 


3 2 10~ 30 10 05) 


2.1 10 -28 (0.07) 


1.7 


10" 




(0.00) 


r 17 571 


5 3 10~ 30 10 08) 


3 4 l(T 28 fO 11) 


4.6 


10" 


-27 


(0.00) 


[18.30] 


6 4 10~ 30 10 10) 


3 7 10 -28 tO 12) 


3.1 


10" 


-27 


(0.00) 


|| 18.61 


1 7 10~ 29 10 25) 


1 10 -27 tO 32) 


5.9 


10" 


-25 


(0.15) 


[18 991 


6.4 10~ 30 (0.10) 


4.2 10~ 28 (0.13) 


3.3 


10" 


-27 


(0.00) 


II 19 94 


1.4 10~ 29 (0.22) 


9.4 10 -28 (0.29) 


4.9 


10" 


-25 


(0.12) 


[20.35] 


7 4 lfr 30 fO 11) 


5 10~ 28 tO 16) 


2.2 


io- 


-27 


(0.00) 


[21.08] 


7.9 10- 30 (0.12) 


4.8 10- 28 (0.15) 


3.1 


io- 


-27 


(0.00) 


± 21.47 


9.8 lO- 30 (0.15) 


6.6 10- 28 (0.21) 


2.7 


io- 


-25 


(0.07) 


[22.21] 


9 lO- 30 (0.13) 


5.4 10~ 28 (0.17) 


2.6 


10" 


■27 


(0.00) 


[25.23] 


1.1 10- 29 (0.16) 


6.9 10- 28 (0.22) 










[25.53] 


1.1 10- 29 (0.17) 


6.6 10~ 28 (0.21) 










|| 27.90 


1.9 10~ 29 (0.28) 


1.3 10^ 27 (0.40) 


6.3 


10" 


-25 


(0.15) 


[39.67] 


1.9 10- 29 (0.28) 


1 10- 27 (0.33) 










[41.33] 


2 10~ 29 (0.30) 


1 10- 27 (0.32) 










J_ 50.61 


3.2 10- 29 (0.47) 


2 10- 27 (0.64) 


9.1 


io- 


-25 


(0.23) 


[68.39] 


2.6 10- 29 (0.38) 


1.1 10- 27 (0.33) 










J_ 98.93 


3.2 10~ 29 (0.47) 


2 10- 27 (0.62) 


2.5 


io- 


-25 


(0.06) 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Qim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



[17.26] 


3.2 


10" 


-3(1 


(0.06) 


1.6 


io- 


-28 


(0.09) 










[17.34] 


3.3 


io- 


-3(1 


(0.06) 


1.6 


io- 


-28 


(0.09) 










|| 18.20 


2.0 


io- 


-29 


(0.40) 


9.4 


io- 


-28 


(0.53) 


1.2 10" 


-24 


(0.32) 


[18.98] 


3.5 


io- 


-30 


(0.07) 


1.8 


io- 


-28 


(0.10) 










[19.82] 


4.3 


io- 


-30 


(0.08) 


1.9 


io- 


-28 


(0.11) 










[19.93] 


4.0 


10" 


-3(1 


(0.08) 


1.9 


io- 


-28 


(0.11) 










|| 20.00 


1.9 


io- 


-29 


(0.38) 


9.0 


io- 


-28 


(0.51) 


1.1 


io- 


-24 


(0.30) 


_L 20.38 


1.3 


io- 


-29 


(0.26) 


6.3 


io- 


-28 


(0.36) 


7.8 


io- 


-25 


(0.21) 


[21.96] 


4.7 


io- 


-30 


(0.09) 


2.3 


io- 


-28 


(0.13) 










[24.64] 


6.2 


io- 


-30 


(0.12) 


2.7 


io- 


-28 


(0.16) 










[25.27] 


6.2 


io- 


-3(1 


(0.12) 


2.9 


io- 


-28 


(0.17) 










|| 28.32 


1.2 


io- 


-29 


(0.24) 


6.0 


io- 


-28 


(0.34) 


6.1 


io- 


-25 


(0.16) 


[38.63] 


1.0 


io- 


-29 


(0.19) 


4.1 


io- 


-28 


(0.23) 










[40.66] 


1.0 


io- 


-29 


(0.20) 


4.2 


io- 


-28 


(0.24) 










_L 47.80 


2.4 


io- 


-29 


(0.46) 


1.2 


io- 


-27 


(0.66) 


1.3 


10" 


-24 


(0.33) 


[66.26] 


1.4 


10" 


-29 


(0.27) 


3.9 


io- 


-28 


(0.22) 










_L 101.60 


1.7 


10" 


-29 


(0.32) 


8.6 


io- 


-28 


(0.49) 


9.0 10 


-26 


(0.02) 



Table C.ll. As Fig.Ofor fluoranthene (Ci 6 H 10 ). 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Qim) (W sr 1 ) (%) (W sr 1 ) (%) (W sr 1 ) (%) 



|| 14.99 


1.5 


io- 


-29 


(0.30) 


5.5 


10" 


-28 


(0.38) 


7.5 


io- 


-25 


(0.27) 


J_ 15.51 


3.6 


10" 


-29 


(0.71) 


1.2 


io- 


-27 


(0.81) 


1.8 


io- 


-24 


(0.66) 


|| 16.04 


3.2 


io- 


-30 


(0.06) 


1.5 


io- 


-28 


(0.11) 


1.2 


io- 


-25 


(0.04) 


[16.99] 


3.0 


10" 


-30 


(0.06) 


1.3 


io- 


-28 


(0.09) 










|| 17.86 


3.5 


10" 


-30 


(0.07) 


1.6 


io- 


-28 


(0.11) 


6.1 


io- 


-26 


(0.02) 


|| 17.94 


4.5 


10" 


-30 


(0.09) 


2.0 


io- 


-28 


(0.14) 


1.6 


io- 


-25 


(0.06) 


J_ 19.39 


6.6 


io- 


-30 


(0.13) 


2.8 


io- 


-28 


(0.19) 


2.6 


io- 


-25 


(0.09) 


J_ 20.61 


9.1 


10" 


-30 


(0.18) 


3.6 


io- 


-28 


(0.25) 


3.9 


io- 


-25 


(0.14) 


|| 20.65 


7.1 


io- 


-30 


(0.14) 


3.0 


io- 


-28 


(0.21) 


3.0 


io- 


-25 


(0.11) 


[21.54] 


5.1 


io- 


-30 


(0.10) 


2.0 


io- 


-28 


(0.14) 










1121.57 


5.6 


io- 


-30 


(0.11) 


2.3 


io- 


-28 


(0.16) 


1.1 


io- 


-25 


(0.04) 


1129.12 


7.8 


io- 


-30 


(0.15) 


3.4 


io- 


-28 


(0.24) 


5.1 


io- 


-26 


(0.02) 


±31.96 


9.6 


10" 


-30 


(0.19) 


4.0 


io- 


-28 


(0.28) 


2.3 


io- 


-25 


(0.08) 


[32.80] 


8.5 


10" 


-30 


(0.17) 


3.2 


io- 


-28 


(0.22) 










J_ 43.97 


1.4 


io- 


-29 


(0.28) 


6.3 


io- 


-28 


(0.44) 


5.4 


io- 


-25 


(0.20) 


|| 47.93 


1.3 


io- 


-29 


(0.25) 


5.7 


io- 


-28 


(0.39) 


3.7 


io- 


-25 


(0.13) 


[57.31] 


1.3 


io- 


-29 


(0.25) 


3.6 


10" 


-28 


(0.25) 










J_ 65.70 


1.6 


10" 


-29 


(0.31) 


6.9 


10" 


-2,8 


(0.48) 


5.0 


io- 


-25 


(0.18) 
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Table C.12. As Fig.|CT]for the fluoranthene cation (Ci 6 H| ). Table C.14. As Fig.OJfor the tetracene cation (Ci 8 H+ 2 ). 



Peak 
(/an) 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 

(W sr" 1 ) (%) 



IRAS 
21282+5050 

(W sr" 1 ) (%) 



[15.58] 


5.5 


10" 


-30 


(0.07) 


2.5 


10" 


-28 


(0.07) 


5.9 


10" 


-28 


(0.00) 


|| 16.05 


7.5 


10" 


-30 


(0.09) 


4.1 


10" 


-28 


(0.12) 


6.7 


10" 


-26 


(0.02) 


_L 16.18 


1.9 


10" 


-28 


(2.31) 


9.8 


10" 


-27 


(2.82) 


5.1 


10" 


-24 


(1.33) 


[17.63] 


8.1 


10" 


-30 


(0.10) 


3.3 


10" 


-28 


(0.09) 


1.2 


10" 


-28 


(0.00) 


|| 17.77 


4.2 


10" 


-29 


(0.52) 


2.2 


10" 


-27 


(0.62) 


1.0 


10" 


-24 


(0.27) 


|| 17.81 


1.5 


10" 


-29 


(0.18) 


7.5 


10" 


-28 


(0.22) 


2.5 


10" 


-25 


(0.07) 


|| 20.69 


3.3 


10" 


-29 


(0.41) 


1.9 


10" 


-27 


(0.55) 


7.3 


10" 


-25 


(0.19) 


1121.26 


2.1 


10" 


-29 


(0.26) 


1.0 


10" 


-27 


(0.30) 


3.4 


10" 


-25 


(0.09) 


_L21.65 


1.4 


10' 


-29 


(0.17) 


7.4 


10" 


-28 


(0.21) 


7.5 


10" 


-2(. 


(0.02) 


_L 23.24 


2.3 


10" 


-29 


(0.28) 


1.3 


10" 


-27 


(0.37) 


3.8 


10" 


-25 


(0.10) 


[23.34] 


1.5 


10" 


-29 


(0.19) 


5.5 


10" 


-2<8 


(0.16) 










|| 28.74 


2.1 


10' 


-29 


(0.26) 


1.1 


10" 


-27 


(0.32) 


4.1 


10" 


-26 


(0.01) 


_L 34.03 


2.8 


10' 


-29 


(0.35) 


1.6 


10" 


-27 


(0.45) 


2.3 


10" 


-25 


(0.06) 


[39.41] 


3.0 


10" 


-29 


(0.37) 


6.3 


10" 


-28 


(0.18) 










|| 49.37 


3.5 


10' 


-29 


(0.43) 


5.1 


10" 


-2,8 


(0.15) 










_L 60.35 


4.7 


10" 


-29 


(0.58) 


2.5 


10" 


-27 


(0.72) 


5.4 


10" 


-25 


(0.14) 


[81.51] 


4.1 


10" 


-29 


(0.51) 


3.1 


10" 


-2,8 


(0.09) 










_L 98.49 


5.1 


10" 


-29 


(0.62) 


2.8 


10" 


-27 


(0.81) 


3.2 


10" 


-25 


(0.08) 



Peak 
(pm) 



Integrated flux 



(W sr 



ISRF 

')(%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



|| 16.23 


9.9 


10" 


-30 


(0.08) 


5.1 


10" 


-2,8 


(0.09) 


2.1 


10" 


-25 


(0.04) 


|| 18.16 


8.7 


10" 


-30 


(0.07) 


4.9 


10" 


-28 


(0.09) 


1.4 


10" 


-25 


(0.03) 


[19.72] 


6.7 


10" 


-30 


(0.05) 


3.2 


10" 


-28 


(0.06) 










[20.37] 


7.8 


10" 


-30 


(0.06) 


3.6 


10" 


-28 


(0.07) 










[21.12] 


8.9 


10" 


-30 


(0.07) 


4.0 


10" 


-28 


(0.07) 










±21.53 


9.1 


10" 


-29 


(0.73) 


4.5 


10" 


-27 


(0.83) 


2.0 


10" 


-24 


(0.37) 


|| 22.60 


1.3 


10" 


-29 


(0.11) 


6.4 


10" 


-28 


(0.12) 


1.7 


10" 


-25 


(0.03) 


± 22.87 


1.5 


10" 


-28 


(1.21) 


7.5 


10" 


-27 


(1.38) 


3.2 


10" 


-24 


(0.59) 


[26.08] 


1.6 


10" 


-29 


(0.13) 


5.9 


10" 


-28 


(0.11) 










[30.78] 


2.0 


10" 


-29 


(0.16) 


8.6 


10" 


-28 


(0.16) 










[32.97] 


2.1 


10" 


-29 


(0.17) 


9.4 


10" 


-28 


(0.17) 










[33.78] 


2.3 


10" 


-29 


(0.18) 


9.0 


10" 


-28 


(0.17) 










± 38.22 


3.5 


10" 


-29 


(0.28) 


1.9 


10" 


-27 


(0.34) 


4.6 


10" 


-25 


(0.09) 


[50.82] 


3.7 


10" 


-29 


(0.30) 


1.1 


10" 


-27 


(0.20) 










|| 60.07 


4.6 


10" 


-29 


(0.37) 


2.4 


10" 


-27 


(0.45) 


4.1 


10" 


-25 


(0.08) 


[67.32] 


4.7 


10" 


-29 


(0.38) 


1.1 


10" 


-27 


(0.19) 










[96.38] 


5.4 


10" 


-29 


(0.43) 


7.6 


10" 


-28 


(0.14) 










_L 175.31 


6.7 


10" 


-29 


(0.54) 


3.4 


10" 


-27 


(0.63) 


1.7 


10" 


-25 


(0.03) 



Table C.13. As Fig.|CT]for tetracene (Ci 8 H 12 ). 



Table C.15. As Fig.|CT]for chrysene (Ci 8 Hi 2 ). 



Peak 
(fim) 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 

(W sr 1 ) (%) 



|| 15.63 


1.6 


10" 


-29 


(0.23) 


7.1 


10" 


-29 


(0.29) 


4.4 


10" 


-25 


(0.18) 


|| 16.31 


5.3 


10" 


-29 


(0.78) 


2.3 


10" 


-28 


(0.93) 


1.5 


10" 


-24 


(0.62) 


|| 17.93 


8.5 


10" 


-29 


(1.25) 


3.8 


10" 


-28 


(1.54) 


2.5 


io- 


-24 


(0.99) 


[19.98] 


2.6 


10" 


-30 


(0.04) 


1.2 


10" 


-29 


(0.05) 










±21.15 


1.5 


10" 


-29 


(0.23) 


7.4 


10" 


-29 


(0.30) 


4.4 


10" 


-25 


(0.18) 


[21.36] 


3.0 


10" 


-30 


(0.04) 


1.4 


10" 


-29 


(0.06) 










±21.55 


1.9 


10" 


-28 


(2.80) 


8.7 


10" 


-28 


(3.49) 


5.3 


10" 


-24 


(2.12) 


|| 22.69 


5.4 


10" 


-30 


(0.08) 


2.7 


10" 


-29 


(0.11) 


9.5 


10" 


-26 


(0.04) 


[26.73] 


4.8 


10" 


-30 


(0.07) 


2.5 


10" 


-29 


(0.10) 










[31.73] 


6.8 


10" 


-30 


(0.10) 


3.3 


10" 


-29 


(0.13) 










[31.95] 


6.8 


10" 


-30 


(0.10) 


3.2 


10" 


-29 


(0.13) 










[33.20] 


7.4 


10" 


-30 


(0.11) 


3.6 


10" 


-29 


(0.14) 










± 37.47 


1.1 


10" 


-29 


(0.16) 


5.6 


10" 


-29 


(0.23) 


1.6 


10" 


-25 


(0.06) 


[52.27] 


1.2 


10" 


-29 


(0.18) 


5.6 


10" 


-29 


(0.22) 










|| 66.17 


1.7 


10" 


-29 


(0.26) 


8.5 


10" 


-29 


(0.34) 


2.2 


io- 


-25 


(0.09) 


[67.60] 


1.4 


10" 


-29 


(0.21) 


6.4 


10" 


-29 


(0.26) 










[110.11] 


1.6 


10" 


-29 


(0.24) 


6.6 


10" 


-29 


(0.26) 










± 180.44 


2.1 


10" 


-29 


(0.31) 


1.0 


10" 


-28 


(0.42) 


1.9 


10" 


-26 


(0.01) 



Peak 
(pm) 



Integrated flux 



ISRF 

(W sr')(%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



± 17.26 


4.1 


10' 


-29 


(0.71) 


1.4 


10" 


-27 


(0.88) 


2.7 10" 


-24 


(0.62) 


|| 17.53 


7.2 


10" 


-30 


(0.13) 


2.3 


10" 


-28 


(0.15) 


4.3 10" 


-25 


(0.10) 


± 18.05 


1.9 


10" 


-29 


(0.33) 


6.3 


10" 


-28 


(0.41) 


1.2 10" 


-24 


(0.27) 


|| 18.57 


1.6 


10" 


-29 


(0.29) 


5.9 


10" 


-28 


(0.38) 


1.1 10" 


-24 


(0.25) 


|| 20.83 


5.6 


10" 


-29 


(0.99) 


2.0 


10" 


-27 


(1.26) 


3.6 10" 


-24 


(0.83) 


± 23.22 


4.7 


10" 


-29 


(0.83) 


1.6 


10" 


-27 


(1.05) 


3.0 10" 


-24 


(0.70) 


[26.04] 


2.8 


10" 


-30 


(0.05) 


8.6 


10" 


-29 


(0.06) 








[26.45] 


3.0 


10" 


-30 


(0.05) 


9.4 


10" 


-29 


(0.06) 








± 34.63 


5.1 


10" 


-30 


(0.09) 


2.0 


10" 


-28 


(0.13) 


7.7 10" 


-26 


(0.02) 


[34.66] 


4.6 


10" 


-30 


(0.08) 


1.4 


10" 


-28 


(0.09) 








± 43.01 


1.6 


10" 


-29 


(0.29) 


6.0 


10" 


-28 


(0.39) 


9.4 10" 


-25 


(0.22) 


|| 54.14 


8.5 


10" 


-30 


(0.15) 


3.3 


10" 


-28 


(0.21) 


1.6 10" 


-25 


(0.04) 


[57.60] 


8.3 


10" 


-30 


(0.15) 


1.8 


10" 


-28 


(0.12) 








[75.03] 


9.6 


10" 


-30 


(0.17) 


1.7 


10" 


-28 


(0.11) 








± 131.58 


1.3 


10" 


-29 


(0.22) 


4.7 


10" 


-28 


(0.30) 








± 206.15 


1.4 


10" 


-29 


(0.24) 


4.8 


10" 


-28 


(0.31) 
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Table C.16. As Fig.Plfor the chrysene cation (d 8 H| 2 ). 



25 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Gum) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



II 17 87 


5.5 10" 


29 (0.45) 


3.8 10 -27 (0.60) 


1.1 10 


24 (0.20) 


_L 18.38 


8.2 10" 


30 (0.07) 


5.8 10~ 28 (0.09) 


1.2 10" 


25 (0.02) 


|| 18.54 


2.3 10" 


29 (0.19) 


1.4 10" 27 (0.22) 


3.6 10" 


" 25 (0.07) 


_L 19.44 


5.1 10" 


29 (0.42) 


3.2 10~ 27 (0.51) 


8.8 10" 


25 (0.17) 


[20.26] 


5.7 10" 


" 30 (0.05) 


1.2 10~ 28 (0.02) 






|| 20.86 


1 10- 28 (0.83) 


6.7 10- 27 (1.08) 


1.7 10" 


24 (0.33) 


[21.28] 


6.7 10" 


30 (0.05) 


1.9 10~ 28 (0.03) 






[22.10] 


8.1 10" 


30 (0.07) 


2.2 10^ 28 (0.04) 






_L 24.09 


4.3 10" 


29 (0.35) 


2.8 10~ 27 (0.44) 


6.3 10" 


25 (0.12) 


[26.95] 


1.5 10" 


29 (0.12) 


3 10- 28 (0.05) 






[27.20] 


1.4 10" 


29 (0.12) 


3 10- 28 (0.05) 






_L 34.64 


2.9 10" 


29 (0.23) 


1.8 10- 27 (0.29) 


2.8 10" 


25 (0.05) 


[36.34] 


2.4 10" 


29 (0.20) 


4.9 10- 28 (0.08) 






_L 45.49 


5.3 10" 


29 (0.43) 


3.6 10~ 27 (0.57) 


6 10- 


!5 (0.11) 


|| 54.75 


4.8 10" 


29 (0.39) 


3.2 10- 27 (0.50) 


3.6 10" 


25 (0.07) 


[59.57] 


4.3 10" 


29 (0.35) 


5 10- 28 (0.08) 






[78.66] 


5.2 10" 


29 (0.43) 


4.3 10~ 28 (0.07) 






J_ 136.64 


6.8 10" 


29 (0.56) 


4.4 10- 27 (0.71) 


6.8 10" 


26 (0.01) 


_L 249.14 


7.7 10" 


29 (0.63) 


1.7 10~ 27 (0.28) 
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Table C.17. As Fig.RTTlfor perylene (C 20 Hi 2 ). Table C.19. As Fig.OJfor pentacene (C 22 Hi 4 ). 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

dim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



|| 17.21 


4.6 


10" 


-29 


(0.59) 


3.0 


io- 


-27 


(0.79) 


1.9 


io- 


-24 


(0.42) 


_L 18.36 


9.4 


10" 


-29 


(1.20) 


6.0 


io- 


-27 


(1.60) 


3.8 


10" 


-24 


(0.83) 


|| 18.63 


1.6 


io- 


-29 


(0.20) 


8.9 


io- 


-28 


(0.24) 


6.0 


io- 


-25 


(0.13) 


_L 21.19 


5.1 


io- 


-30 


(0.06) 


3.4 


io- 


-28 


(0.09) 


1.5 


io- 


-25 


(0.03) 


1121.76 


2.0 


io- 


-29 


(0.26) 


1.4 


io- 


-27 


(0.38) 


8.3 


io- 


-25 


(0.18) 


[23.94] 


3.6 


io- 


-30 


(0.05) 


1.6 


io- 


-28 


(0.04) 










[27.75] 


5.1 


io- 


-30 


(0.07) 


2.2 


io- 


-28 


(0.06) 










[28.48] 


5.3 


io- 


-3(1 


(0.07) 


2.5 


io- 


-28 


(0.07) 










[34.30] 


7.7 


io- 


-3(1 


(0.10) 


3.2 


io- 


-28 


(0.09) 










|| 39.63 


9.4 


io- 


-30 


(0.12) 


5.6 


io- 


-28 


(0.15) 










[42.43] 


1.1 


io- 


-29 


(0.14) 


3.7 


io- 


-28 


(0.10) 










[48.89] 


1.2 


io- 


-29 


(0.16) 


3.7 


io- 


-28 


(0.10) 










_L 57.14 


2.7 


io- 


-29 


(0.35) 


1.9 


io- 


-27 


(0.49) 


7.3 


io- 


-25 


(0.16) 


[77.69] 


1.6 


io- 


-29 


(0.21) 


3.0 


io- 


-28 


(0.08) 










J_ 105.54 


2.0 


io- 


-29 


(0.26) 


1.4 


io- 


-27 


(0.38) 


7.1 


io- 


-26 


(0.02) 


[344.80] 


1.4 


io- 


-29 


(0.18) 


3.1 


io- 


-29 


(0.01) 











Table C.18. As Fig.|Cj]ibr the perylene cation (C 20 H+ ). 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Oum) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



|| 17.41 


7.4 


io- 


-29 


(0.71) 


4.1 


10" 


-27 


(0.86) 


3.0 


io- 


-24 


(0.48) 


_L 18.75 


1.0 


io- 


-28 


(1.00) 


6.0 


10" 


-27 


(1.24) 


4.1 


io- 


-24 


(0.65) 


|| 18.99 


2.7 


io- 


-29 


(0.26) 


1.6 


10" 


-27 


(0.32) 


1.1 


io- 


-24 


(0.17) 


_L 21.54 


9.8 


io- 


-30 


(0.09) 


5.8 


10" 


-28 


(0.12) 


3.0 


io- 


-25 


(0.05) 


|| 21.95 


1.4 


io- 


-29 


(0.13) 


7.8 


10" 


-28 


(0.16) 


4.3 


io- 


-25 


(0.07) 


[22.04] 


4.7 


io- 


-30 


(0.05) 


2.1 


10" 


-28 


(0.04) 










[23.38] 


5.6 


io- 


-30 


(0.05) 


3.0 


10" 


-28 


(0.06) 










[24.23] 


5.8 


io- 


-30 


(0.06) 


3.4 


io- 


-28 


(0.07) 










[27.67] 


8.5 


io- 


-30 


(0.08) 


4.1 


io- 


-28 


(0.09) 










[28.49] 


9.4 


io- 


-30 


(0.09) 


4.4 


10" 


-28 


(0.09) 










[35.52] 


1.3 


io- 


-29 


(0.13) 


5.8 


10" 


-28 


(0.12) 










|| 39.35 


1.9 


io- 


-29 


(0.18) 


1.2 


io- 


-27 


(0.26) 


3.5 


io- 


-25 


(0.06) 


[40.73] 


1.6 


io- 


-29 


(0.16) 


6.3 


io- 


-28 


(0.13) 










[48.48] 


2.0 


io- 


-29 


(0.19) 


6.8 


io- 


-28 


(0.14) 










_L 57.15 


4.3 


io- 


-29 


(0.42) 


2.8 


10" 


-27 


(0.58) 


1.2 


io- 


-24 


(0.19) 


[67.82] 


2.5 


io- 


-29 


(0.24) 


6.1 


10" 


-28 


(0.13) 










_L 98.04 


3.4 


io- 


-29 


(0.32) 


2.2 


10" 


-27 


(0.45) 


4.1 


io- 


-25 


(0.07) 


[247.44] 


3.0 


io- 


-29 


(0.29) 


1.1 


io- 


-2<S 


(0.02) 











Integrated flux 









Red 


IRAS 


Peak 




ISRF 


Rectangle 


21282+5050 




(W sr 1 ) (%) 


(W sr 1 ) (%) 


(W sr 1 ) (%) 


|| 15.78 


5.8 


10~ 29 (0.65) 


2.6 10~ 27 (0.75) 


2.6 10~ 24 (0.55) 


|| 17.39 


1.3 


10~ 28 (1.45) 


6.1 lO" 27 (1.74) 


5.5 10- 24 (1.16) 


|| 20.75 


8.6 


lO" 29 (0.95) 


3.9 10~ 27 (1.12) 


3.4 10~ 24 (0.72) 


J_ 21.38 


6.4 


lO^ 29 (0.71) 


3.0 10^ 27 (0.85) 


2.6 10~ 24 (0.55) 


_L 21.72 


2.4 


lO" 28 (2.65) 


1.1 10~ 26 (3.11) 


9.5 lO" 24 (1.99) 


|| 28.18 


7.6 


10- 30 (0.08) 


3.4 10~ 28 (0.10) 


2.2 10~ 25 (0.05) 


[34.69] 


4.2 


10- 30 (0.05) 


1 4 i rr 28 ( 04^ 




[39.34] 


5.3 


lO" 30 (0.06) 


1.5 lO" 28 (0.04) 




[41.72] 


5.9 


lO" 30 (0.07) 


1.7 lO" 28 (0.05) 




[43.10] 


6.3 


lO" 30 (0.07) 


1.6 lO" 28 (0.05) 


8.4 10- 29 (0.00) 


±52.61 


1.2 


10~ 29 (0.13) 


5.8 lO" 28 (0.16) 


2.0 10~ 25 (0.04) 


[66.95] 


1.1 


lO" 29 (0.12) 


1.7 10- 28 (0.05) 


3.8 lO" 28 (0.00) 


|| 98.26 


1.5 


lO" 29 (0.16) 


7.1 lO" 28 (0.20) 


2.9 10- 26 (0.01) 


[99.27] 


1.3 


lO" 29 (0.15) 


1.3 10~ 28 (0.04) 




[137.59] 


1.4 


lO" 29 (0.16) 


8.7 10- 29 (0.02) 




_L 267.28 


2.1 


lO" 29 (0.23) 


9 lO" 28 (0.25) 





Table C.20. As Fig. lC.ll for the pentacene cation (C 22 H[ 4 ). 



Integrated flux 











Red 


IRAS 


Peak 




ISRF 


Rectangle 


21282+5050 


(>m) 


(W sr 1 ) (%) 


(W sr 1 ) (%) 


(W sr')(%) 


|| 17.37 


3.3 


10" 29 (0.15) 


1.8 


10" 27 (0.16) 


4.7 10~ 25 (0.06) 


± 20.63 


1.6 


lO" 28 (0.76) 


9.7 


lO" 27 (0.89) 


2.3 10- 24 (0.30) 


J_ 21.94 


6.9 


10~ 28 (3.20) 


4.0 


lO" 26 (3.71) 


9.4 10~ 24 (1.22) 


± 25.93 


1.1 


10- 29 (0.05) 


6.3 


lO" 28 (0.06) 


5.1 10- 26 (0.01) 


|| 27.66 


1.5 


10~ 29 (0.07) 


9.1 


10~ 28 (0.08) 


1 lO" 25 (0.01) 


[27.87] 


1.2 


10- 29 (0.05) 


2.3 


lO" 28 (0.02) 




[35.10] 


2.1 


10- 29 (0.10) 


3.8 


10~ 28 (0.03) 




[40.11] 


2.6 


10~ 29 (0.12) 


4.5 


lO" 28 (0.04) 




[40.71] 


2.8 


10- 29 (0.13) 


4.5 


lO" 28 (0.04) 




[41.70] 


2.8 


lO" 29 (0.13) 


4.2 


lO" 28 (0.04) 




_L 52.73 


6.1 


10~ 29 (0.28) 


3.5 


lO" 27 (0.32) 


4.6 10~ 25 (0.06) 


[62.41] 


4.7 


lO" 29 (0.22) 


4.9 


lO" 28 (0.05) 




|| 86.88 


7.9 


10~ 29 (0.37) 


4.7 


lO" 27 (0.43) 


4.5 lO" 25 (0.06) 


[100.30] 


6.5 


10^ 29 (0.30) 


3.1 


10~ 28 (0.03) 




[110.73] 


6.6 


lO" 29 (0.31) 


2.9 


lO" 28 (0.03) 




_L 474.50 


1.1 


10~ 28 (0.49) 


3.7 


lO" 27 (0.34) 
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Table C.21. As Fig-Olfor benzo[g,h,i]perylene (C 22 Hi 2 ) 













Integrated flux 
















Red 




IRAS 


Peak 




ISRF 


R pptan ol p 


21282+5050 


(//m) 


(W sr" 1 


1 (%') 




(W sr 1 ) (%) 


_L 15.41 


1.1 


10" 


-28 


(1.49) 


5.8 10~ 27 (1.94) 


6.0 


10~ 24 (1.19) 


|| 17.68 


3.0 


10" 


-29 


(0.41) 


1.6 10- 27 (0.55) 


1.6 


10~ 24 (0.31) 


_L 18.40 


7.2 


10" 


-29 


(0.98) 


3.9 10- 27 (1.31) 


3.9 


10~ 24 (0.77) 


|| 18.62 


5.2 


10" 


-30 


(0.07) 


2.4 10~ 28 (0.08) 


2.3 


10~ 25 (0.05) 


_L 19.44 


4.7 


10" 


-29 


(0.64) 


2.6 10- 27 (0.87) 


2.6 


10~ 24 (0.51) 


|| 20.82 


4.4 


10" 


-30 


(0.06) 


2.6 10- 28 (0.09) 


1.7 


10~ 25 (0.03) 


1122.16 


1.9 


10" 


-29 


(0.26) 


1.1 10~ 27 (0.35) 


9.3 


10- 25 (0.18) 


_L 23.56 


3.1 


10" 


-30 


(0.04) 


2.2 10~ 28 (0.07) 


3.8 


10- 26 (0.01) 


|| 24.43 


1.6 


10" 


-29 


(0.21) 


8.1 10~ 28 (0.27) 


7.3 


10- 25 (0.14) 


1126.12 


4.7 


10" 


-3(1 


(0.06) 


2.9 10- 28 (0.10) 


9.4 


10- 26 (0.02) 


|| 27.65 


5.3 


10" 


-30 


(0.07) 


3.1 10~ 28 (0.10) 


7.9 


10~ 26 (0.02) 


_L 34.15 


6.3 


10" 


-30 


(0.08) 


4 10- 28 (0.13) 






[34.37] 


6.2 


10" 


-30 


(0.08) 


i a i /"i— ^ S j r\ r\'~i\ 

2.0 10 (0.07) 






|| 35.04 


8.2 


10" 


-30 


(0.11) 


4.6 10~ 28 (0.15) 


1.4 


10- 25 (0.03) 


[36.35] 


7.4 


10" 


-30 


(0.10) 


2.2 10~ 28 (0.07) 






_L 49.73 


1.6 


10" 


-29 


(0.22) 


9.6 10- 28 (0.32) 


5.2 


10 25 (0.10) 


[55.73] 


1.1 


10" 


-29 


(0.15) 


2.3 10~ 28 (0.08) 






_L 76.15 


1.9 


10" 


-29 


(0.26) 


1.1 10- 27 (0.38) 


5.0 


10~ 25 (0.10) 


J_ 105.47 


1.6 


10" 


-29 


(0.22) 


1.0 10- 27 (0.34) 


3.4 


10- 26 (0.01) 


[167.79] 


1.4 


10" 


-29 


(0.19) 


5.2 lO^ 29 (0.02) 







Table C.22. As Fig. IC.ll for the benzo[g,h,i]perylene cation 
(C22H+) 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

(jim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



_L 15.56 


1.9 


10" 


-28 


n 63^ 


1.0 


10" 


-26 


n 99~i 


7.2 


10" 


-24 


CI 07 s ! 


|| 15.96 


5.3 


10" 


-30 


(0.05) 


2.6 


10" 


-28 


(0.05) 


1.3 


10" 


-25 


(0.02) 


|| 17.82 


2.6 


10" 


-29 


(0.22) 


1.3 


10" 


-27 


fO 25^ 


8.6 


10" 


-25 


CO 131 


J_ 18.62 


1.2 


10" 


-28 


C1 02^ 


6.4 


10" 


-27 


CI 28^ 


4.3 


10" 


-24 


(0.63) 


II 18 94 


1.2 


10" 


-29 


CO 10^ 


6.0 


10" 


-28 


CO 12^ 


3.6 


10" 


-25 


(0.05) 


|| 18.95 


1.4 


10" 


-29 




7.7 


10" 


-28 


CO 1 5"! 


4.2 


10" 


-25 


(0.06) 


|| 20.84 


1.2 


10" 


-29 




7.7 


10" 


-28 


CO 1 5") 


3.4 


10" 


-25 


(0.05) 


[22.24] 


6.7 


10" 


-30 


(0.06) 


2.7 


10" 


-28 


(0.05) 










|| 22.50 


1.4 


10" 


-29 


(0.12) 


8.1 


10" 


-28 


(0.16) 


3.6 


10" 


-25 


(0.05) 


J_ 23.75 


8.6 


10" 


-30 


(0.07) 


4.8 


10" 


-28 


(0.10) 


5.7 


10" 


-26 


(0.01) 


1124.18 


8.9 


10" 


-30 


(0.08) 


5.3 


10" 


-28 


(0.11) 


8.1 


10" 


-26 


(0.01) 


|| 25.93 


1.2 


10" 


-29 


(0.10) 


7.1 


10" 


-28 


(0.14) 


2.3 


10" 


-25 


(0.03) 


|| 27.93 


2.1 


10" 


-29 


(0.18) 


1.2 


10" 


-27 


(0.24) 


5.4 


10" 


-25 


(0.08) 


J_ 33.76 


1.8 


10" 


-29 


(0.15) 


1.0 


10" 


-27 


(0.20) 


1.7 


10" 


-25 


(0.03) 


|| 34.33 


2.1 


10" 


-29 


(0.18) 


1.2 


10" 


-27 


(0.24) 


4.0 


10" 


-25 


(0.06) 


[35.26] 


1.8 


10" 


-29 


(0.15) 


5.3 


10" 


-28 


(0.11) 










[35.59] 


1.8 


10" 


-29 


(0.15) 


5.3 


10" 


-28 


(0.11) 










J_ 49.35 


3.5 


10" 


-29 


(0.30) 


2.0 


10" 


-27 


(0.39) 


6.9 


10" 


-25 


(0.10) 


[52.23] 


2.6 


10" 


-29 


(0.22) 


5.1 


10" 


-28 


(0.10) 










_L 72.14 


5.0 


10" 


-29 


(0.43) 


2.8 


10" 


-27 


(0.56) 


1.1 


10" 


-24 


(0.16) 


_L 101.69 


4.2 


10" 


-29 


(0.36) 


2.4 


10" 


-27 


(0.48) 


1.8 


10" 


-25 


(0.03) 


[149.24] 


3.7 


10" 


-29 


(0.32) 


1.6 


10" 


-28 


(0.03) 











28 Mulas, Malloci, Joblin & Toublanc: A model for the identification of PAHs in the far-IR 

Table C.23. As Fig.Plfor anthanthrene (C 22 Hi 2 ) Table C.25. As Fig.OJfor coronene (C 24 Hi 2 ) 



Integrated flux 



Integrated flux 



Peak 



ISRF 

(W sr" 1 ) (%) 



Red 
Rectangle 
(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



Peak 



ISRF 

(W sr')(%) 



Red 
Rectangle 

(W sr" 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



|| 16.59 


7.4 


1 fl- 


-29 


(0.87) 


4.5 


io- 


-27 


(1.07) 


3.1 10- 


-24 


(0.62) 


_L 18.21 


3.4 10" 


-28 


(4.24) 


1.2 10~ 26 (5.29) 


1.9 10~ 23 (3.41) 


_L 17.73 


2.5 


lC" 


-29 


(0.29) 


1.5 


io- 


-27 


(0.35) 


9.7 10- 


-25 


(0.20) 


[20.07] 


3.2 10 


-30 


(0.04) 


1.3 10- 28 (0.06) 




|| 17.90 


4.0 


10~ 


-29 


(0.47) 


2.5 


io- 


-27 


(0.59) 


1.6 10 


-24 


(0.33) 


[22.28] 


5.3 10 


-30 


(0.07) 


1.8 10- 28 (0.08) 




_L 18.41 


5.5 


io- 


-29 


(0.64) 


3.5 


io- 


-27 


(0.82) 


2.3 10- 


-24 


(0.46) 


|| 26.20 


2.5 10- 


-29 


(0.31) 


9.7 10~ 28 (0.42) 


1.2 10~ 24 (0.22) 


||20.14 


2.1 


io- 


-29 


(0.25) 


1.4 


io- 


-27 


(0.33) 


8.0 10- 


-25 


(0.16) 


[27.34] 


8.3 10- 


-30 


(0.10) 


3.1 10- 28 (0.13) 




_L 20.67 


2.9 


io- 


-29 


(0 34) 


1.7 


io- 


-27 


(0 41) 


1.1 io- 


-24 


(0 23) 


[33.59] 


1.2 10- 


-29 


(0.15) 


4.1 10- 28 (0.18) 




|| 21.27 


3.2 


io- 


-29 


(0.37) 


2.0 


io- 


-27 


(0.48) 


1.2 10 


-24 


(0.25) 


[34.34] 


1.3 10- 


-29 


(0.17) 


4.4 10~ 28 (0.19) 




[22.18] 


3.9 


io- 


-30 


(0.05) 


1.9 


io- 


-28 


(0.04) 








[44.57] 


8.8 10- 


-30 


(0.11) 


2.9 10~ 28 (0.12) 




[25.66] 


5.4 


io- 


-30 


(0.06) 


2.6 


io- 


-28 


(0.06) 








[61.10] 


1.2 10" 


-29 


(0.15) 


3.1 10- 28 (0.13) 




[26.19] 


5.5 


io- 


-30 


(0.06) 


2.4 


io- 


-28 


(0.06) 








_L 80.60 


2.2 10- 


-29 


(0.27) 


8.4 10- 28 (0.36) 


7.2 10- 25 (0.13) 


[29.45] 


6.9 


io- 


-30 


(0.08) 


2.8 


io- 


-28 


(0.07) 








[113.37] 


2.8 10" 


-29 


(0.36) 


4.2 10~ 28 (0.18) 




_L 32.18 


1.1 


io- 


-29 


(0.13) 


7.3 


io- 


-28 


(0.17) 


1.9 10 


-25 


(0.04) 


























J_ 34.88 


1.1 


io- 


-29 


(0.12) 


6.8 


io- 


-28 


(0.16) 


4.7 10- 


-26 


(0.01) 














[35.51] 
|| 38.22 


9.9 
2.9 


io- 
io- 


-30 
-29 


(0.12) 
(0.35) 


3.4 
1.9 


io- 
io- 


-28 
-27 


(0.08) 
(0.46) 


9.6 10 


-25 


(0.20) 


Table C.26. As Fi; 


}■ 


C.llfor the coronene cation (C 2 4H| 2 ) 


[50.48] 


1.4 


io- 


-29 


(0.17) 


3.6 


io- 


-28 


(0.09) 




















J_ 54.39 


3.4 


io- 


-29 
-29 
-29 


(0.40) 


2.3 


io- 


-27 
-28 
-27 


(0.54) 


1.1 io- 


-24 


(0.22) 














[62.57] 
J_ 103.84 


1.7 

2.4 


io- 
io- 


(0.20) 
(0.28) 


3.1 
1.6 


io- 
io- 


(0.07) 
(0.39) 


6.2 10- 


-26 


(0.01) 










Integrated flux 




± 153.88 


2.7 


io- 


-29 


(0.32) 


1.8 


io- 


-27 


(0.42) 


2.8 10- 


-26 


(0.01) 










Red 


IRAS 



Peak 
Om) 



ISRF 

(W sr')(%) 



Rectangle 

(W sr 1 ) (%) 



21282+5050 
(W sr 1 ) (%) 



Table C.24. As Fig. lCll foi- the anthanthrene cation (C 22 H[ 2 ) 



Integrated flux 











Red 


IRAS 


Peak 




ISRF 


Rectangle 


21282+5050 


(fan) 


(W sr 1 ) (%) 


(W sr')(%) 


(W sr 1 ) (%) 


|| 16.80 


4.0 


10" 


29 (0.33) 


2.3 10^ 27 (0.41) 


1.2 10- 24 (0.18) 


|| 17.85 


1.0 


10" 


29 (0.09) 


5.6 10- 28 (0.10) 


3 10- 25 (0.04) 


_L 17.98 


4.3 


10" 


29 (0.36) 


2.6 10~ 27 (0.46) 


1.3 10~ 24 (0.19) 


|| 20.08 


3.3 


10" 


29 (0.27) 


1.9 10- 27 (0.34) 


9.3 10- 25 (0.14) 


[20.45] 


5.6 


10" 


30 (0.05) 


3.1 10- 28 (0.05) 




_L 21.36 


1.9 


10" 


29 (0.16) 


1.3 10^ 27 (0.22) 


5.1 10~ 25 (0.07) 


1121.37 


3.4 


10" 


29 (0.28) 


2 10~ 27 (0.35) 


9.1 10- 25 (0.13) 


[22.73] 


7.1 


10" 


30 (0.06) 


3.6 10- 28 (0.06) 




[25.48] 


1.1 


10" 


29 (0.09) 


5.1 10- 28 (0.09) 




[27.64] 


1.1 


10" 


29 (0.09) 


6 10~ 28 (0.11) 




[29.96] 


1.4 


10" 


29 (0.11) 


6.1 10- 28 (0.11) 




_L 32.23 


1.7 


10" 


29 (0.14) 


9.7 10~ 28 (0.17) 


7.5 10~ 26 (0.01) 


_L 35.42 


2.0 


10" 


29 (0.17) 


1.3 10~ 27 (0.22) 


2.4 10~ 25 (0.04) 


[36.05] 


1.9 


10" 


29 (0.16) 


8.4 10- 28 (0.15) 




1141.40 


4.3 


10" 


29 (0.35) 


2.7 10~ 27 (0.48) 


9.2 10^ 25 (0.14) 


[51.25] 


2.8 


10" 


29 (0.23) 


9.9 10- 28 (0.17) 




J_ 55.94 


4.5 


10" 


29 (0.37) 


2.8 10- 27 (0.49) 


8.9 10- 25 (0.13) 


[62.60] 


3.2 


10" 


29 (0.26) 


1 10~ 27 (0.18) 




_L 105.06 


4.5 


10" 


29 (0.37) 


2.7 10^ 27 (0.47) 


9.2 10^ 26 (0.01) 


_L 150.86 


5.1 


10" 


29 (0.42) 


3.1 10- 27 (0.54) 


1.1 10~ 25 (0.02) 



|| 15.13 


8.5 


10" 


-29 


(0.68) 


4.4 


10" 


-27 


(0.88) 


2.8 


10 


-24 


(0.40) 


|| 18.08 


1.4 


10" 


-28 


(1.14) 


7.4 


10" 


-27 


(1.50) 


4.3 


10 


-24 


(0.62) 


J_ 18.14 


1.4 


10" 


-28 


(1.12) 


7.1 


10" 


-27 


(1.44) 


4.1 


10 


-24 


(0.59) 


J_ 19.39 


1.1 


10" 


-29 


(0.09) 


5.9 


10" 


-28 


(0.12) 


2.8 


10" 


-25 


(0.04) 


1121.36 


6.3 


10" 


-30 


(0.05) 


3.1 


10" 


-28 


(0.06) 










[22.94] 


6.7 


10" 


-30 


(0.05) 


2.9 


10" 


-28 


(0.06) 










[23.13] 


6.7 


10" 


-30 


(0.05) 


3.1 


10" 


-28 


(0.06) 










|| 26.05 


2.9 


10" 


-29 


(0.24) 


1.5 


io- 


-27 


(0.31) 


7.4 


10" 


-25 


(0.11) 


|| 26.34 


3.4 


10" 


-29 


(0.28) 


1.8 


10" 


-27 


(0.36) 


9.0 


10" 


-25 


(0.13) 


[27.48] 


1.1 


10" 


-29 


(0.09) 


4.4 


10" 


-28 


(0.09) 










[28.17] 


1.1 


10" 


-29 


(0.09) 


4.5 


10" 


-28 


(0.09) 










[34.15] 


1.6 


10" 


-29 


(0.13) 


6.8 


10" 


-28 


(0.14) 










[34.44] 


1.6 


10" 


-29 


(0.13) 


6.6 


10" 


-28 


(0.13) 










J_ 34.56 


1.7 


10" 


-29 


(0.13) 


9.2 


10" 


-28 


(0.19) 


5.7 


10" 


-26 


(0.01) 


[36.27] 


1.7 


10" 


-29 


(0.14) 


7.0 


10" 


-28 


(0.14) 










[45.64] 


2.3 


10" 


-29 


(0.18) 


8.8 


10" 


-28 


(0.18) 










[63.12] 


3.2 


10" 


-29 


(0.25) 


9.8 


10" 


-28 


(0.20) 










J_ 82.64 


4.5 


10" 


-29 


(0.36) 


2.4 


10" 


-27 


(0.49) 


7.9 


10 


-25 


(0.11) 


[111.53] 


4.0 


10" 


-29 


(0.32) 


7.2 


10" 


-28 


(0.15) 










_L 117.33 


4.4 


10" 


-29 


(0.35) 


1.9 


io- 


-27 


(0.38) 











Mulas, Malloci, Joblin & Toublanc: A model for the identification of PAHs in the far-IR 
Table C.27. As Fig.Olfor dibenzo[cd,lm]perylene (C 26 H 14 ) Table C.29. As Fig.EJJfor bisanthene (C 28 Hi 4 ) 



29 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

dim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



ii 1 ^ a^ 


A 1 

0. 1 


i a~ 
1U 


-29 


(U.42) 


< 1 
J.Z 


1 A" 
LU 


-27 


(0.52) 


i c in- 
L.j LU 


-24 


f(\ nn\ 
(0.2/) 


i k in 


J.y 


1U 


-28 


I A 1 1\ 

(,4.12) 




1 A" 
LU 


-26 


(4.8D) 


1 A in- 
1.4 1U 


-23 


(2.56) 


II 1 8 3A 


1 1 
1 .4 


1 A~ 


-28 


\\J.yy ) 


1 1 
1 .Z 


1 A" 
LU 


-26 


i 1 

U-2U) 


1 Q 1 A 
Z.y 1U 


-24 


(0.52) 


II 1 AK 

II iy.4j 


q a 
o.U 


1 A~ 
LU 


-30 


(U.UO) 


J.O 


1 A" 
LU 


-28 


(U.UO) 


i q in- 
l.j LU 


-25 


(0.02) 


I 1 Q ^7 


O.J 


1 A~ 
LU 


-29 


(U.40) 


_ _ 

j. / 


1 A" 
LU 


-27 


tU.D/) 


1.4 1U 


-24 


(0.24) 


i ic\ 1 'x 

_l_ ZU. 1 J 


J. / 


1 A~ 
LU 


-29 




1 Q 


1 A" 
IV) 


-27 




l.Z 1U 


-24 


(0.21) 


II 11 1 1 
|| ZZ.Z1 


0. 1 


1 A" 
LU 


-29 


(U.42) 


J. 4 


1 A" 
LU 


-27 


if\ ^A \ 

(U.54) 


11 1 A" 
1.1 1U 


-24 


(0.20) 


[29.46] 


6.8 


10" 


-30 


(0.05) 


1.5 


10' 


-28 


(0.01) 








[30.08] 


7.3 


10" 


-30 


(0.05) 


1.6 


10" 


-28 


(0.02) 








[31.77] 


8.9 


10" 


-30 


(0.06) 


1.7 


10" 


-28 


(0.02) 








[35.42] 


1.1 


io- 


-29 


(0.08) 


1.7 


10" 


-28 


(0.02) 








_L 44.52 


7.6 


io- 


-29 


(0.53) 


6.7 


10" 


-27 


(0.67) 


1.1 10 


-24 


(0.19) 


[47.28] 


1.8 


10" 


-29 


(0.13) 


2.2 


10" 


-28 


(0.02) 








[51.83] 


2.0 


10" 


-29 


(0.14) 


1.5 


10' 


-28 


(0.02) 








J_ 53.43 


7.8 


10" 


-29 


(0.54) 


7.0 


10" 


-27 


(0.71) 


1 10~ : 


24 (0.18) 


|| 54.05 


3.5 


10" 


-29 


(0.24) 


3.2 


10" 


-27 


(0.32) 


2.6 10 


-25 


(0.05) 


[58.60] 


2.4 


10" 


-29 


(0.17) 


1.6 


10' 


-28 


(0.02) 








[103.09] 


3.2 


10" 


-29 


(0.22) 


1.1 


10" 


-28 


(0.01) 








[217.08] 


2.5 


10" 


-29 


(0.17) 


3.2 


10" 


-29 


(0.00) 








_L 223.26 


5.5 


10" 


-29 


(0.38) 


2.9 


10" 


-27 


(0.29) 









Table C.28. As Fig. lC.ll for the dibenzo[cd,lm]perylene cation 

(C26H|,) 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Gum) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



_L 15.12 


2.6 


10" 


-28 


(1.48) 


1.5 


io- 


-26 


(1.74) 


6.2 


io- 


-24 


(0.78) 


|| 18.01 


1.7 


10" 


-29 


(0.10) 


1.1 


io- 


-27 


(0.13) 


3.6 


io- 


-25 


(0.04) 


|| 19.53 


2.6 


io- 


-29 


(0.15) 


1.7 


io- 


-27 


(0.20) 


5.5 


io- 


-25 


(0.07) 


_L 20.78 


5.2 


io- 


-29 


(0.30) 


3.3 


io- 


-27 


(0.39) 


1.1 


io- 


-24 


(0.13) 


|| 20.90 


9.3 


io- 


-30 


(0.05) 


5.1 


io- 


-28 


(0.06) 


1.5 


io- 


-25 


(0.02) 


|| 22.17 


1.0 


io- 


-29 


(0.06) 


5.8 


io- 


-28 


(0.07) 


1.7 


io- 


-25 


(0.02) 


[29.97] 


9.3 


io- 


-30 


(0.05) 


3.0 


io- 


-28 


(0.04) 










[30.48] 


8.9 


io- 


-30 


(0.05) 


3.3 


io- 


-28 


(0.04) 










[30.80] 


8.5 


io- 


-30 


(0.05) 


3.0 


io- 


-28 


(0.04) 










[37.19] 


1.4 


io- 


-29 


(0.08) 


4.6 


io- 


-28 


(0.05) 










_L 45.12 


5.1 


io- 


-29 


(0.30) 


3.0 


io- 


-27 


(0.36) 


7.4 


io- 


-25 


(0.09) 


[50.25] 


2.3 


io- 


-29 


(0.13) 


5.5 


io- 


-28 


(0.07) 










[51.70] 


2.3 


io- 


-29 


(0.13) 


6.1 


io- 


-28 


(0.07) 










1153.15 


3.1 


io- 


-29 


(0.18) 


1.9 


io- 


-27 


(0.22) 


2.6 


io- 


-25 


(0.03) 


J_ 53.39 


8.8 


io- 


-29 


(0.51) 


5.3 


io- 


-27 


(0.62) 


1.4 


io- 


-24 


(0.18) 


[58.72] 


2.5 


io- 


-29 


(0.14) 


6.3 


io- 


-28 


(0.07) 










[100.15] 


4.0 


io- 


-29 


(0.23) 


4.5 


io- 


-28 


(0.05) 










J_ 211.25 


5.6 


io- 


-29 


(0.32) 


3.0 


io- 


-27 


(0.35) 










[226.29] 


4.2 


io- 


-29 


(0.24) 


1.4 


io- 


-28 


(0.02) 











Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Qim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



|| 15.10 


1.7 


io- 


-28 


(1.12) 


8.5 


io- 


-27 


(1.33) 


3.7 


io- 


-24 


(0.63) 


|| 15.78 


7.1 


io- 


-29 


(0.47) 


3.4 


io- 


-27 


(0.53) 


1.5 


io- 


-24 


(0.26) 


_L 16.97 


1.7 


io- 


-29 


(0.11) 


8.5 


io- 


-28 


(0.13) 


3.0 


io- 


-25 


(0.05) 


|| 17.93 


5.3 


io- 


-29 


(0.35) 


2.7 


10- 


-27 


(0.42) 


9.9 


io- 


-25 


(0.17) 


_L 18.53 


2.2 


io- 


-28 


(1.45) 


1.1 


io- 


-26 


(1.73) 


4.1 


io- 


-24 


(0.71) 


|| 19.95 


1.4 


io- 


-28 


(0.95) 


6.9 


10- 


-27 


(1.07) 


2.5 


io- 


-24 


(0.43) 


|| 22.22 


1.6 


io- 


-29 


(0.10) 


8.1 


io- 


-28 


(0.13) 


2.3 


io- 


-25 


(0.04) 


_L 24.57 


2.4 


io- 


-29 


(0.16) 


1.3 


io- 


-27 


(0.21) 


4.3 


io- 


-25 


(0.07) 


[32.50] 


9.3 


io- 


-30 


(0.06) 


2.0 


io- 


-28 


(0.03) 










[32.65] 


9.2 


io- 


-30 


(0.06) 


2.0 


io- 


-28 


(0.03) 










|| 32.93 


1.8 


io- 


-28 


(1.17) 


9.0 


io- 


-27 


(1.40) 


2.6 


io- 


-24 


(0.44) 


±35.85 


1.3 


io- 


-29 


(0.09) 


6.5 


io- 


-28 


(0.10) 










|| 35.87 


1.4 


io- 


-29 


(0.09) 


7.1 


io- 


-28 


(0.11) 


3.5 


io- 


-26 


(0.01) 


[39.61] 


1.4 


io- 


-29 


(0.09) 


3.1 


io- 


-28 


(0.05) 










[41.80] 


1.5 


io- 


-29 


(0.10) 


2.7 


io- 


-28 


(0.04) 










[57.33] 


2.5 


io- 


-29 


(0.16) 


2.6 


io- 


-28 


(0.04) 










[66.34] 


2.9 


io- 


-29 


(0.19) 


2.8 


io- 


-28 


(0.04) 










J_ 94.43 


5.7 


io- 


-29 


(0.38) 


2.9 


io- 


-27 


(0.45) 


3.5 


io- 


-25 


(0.06) 


_L 120.24 


4.8 


io- 


-29 


(0.31) 


2.0 


io- 


-27 


(0.31) 










[123.19] 


3.6 


io- 


-29 


(0.24) 


1.3 


io- 


-28 


(0.02) 










[300.07] 


2.3 


io- 


-29 


(0.15) 


3.4 


io- 


-29 


(0.01) 
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Table C.30. As Fig. OJfor the bisanthene cation (C 28 H| 4 ) Table C.32. As Fig. OJfor the terrylene cation (C 30 H[ 6 ) 



Integrated flux Integrated flux 











Red 


IRAS 










Red 




IRAS 


Peak 




ISRF 


Rectangle 


21282+5050 


Peak 




ISRF 


Rectangle 


21282+5050 


(jum) 


(W sr 1 ) (%) 


(W sr" 1 )(%) 


(W sr 1 ) (%) 


(jim) 


(W sr 1 ) (%) 


(W sr 1 ) (%) 


(W sr 1 ) (%) 


|| 15.04 


1.2 


10~ 28 (0.68) 


7.1 


10~ 27 (0.88) 


2.8 10~ 24 (0.29) 


|| 15.00 


8.0 


10~ 29 (0.28) 


3.9 


10~ 27 (0.31) 


1.4 


10~ 24 (0.13) 


_L 16.42 


4.8 


10~ 29 (0.27) 


2.8 


10~ 27 (0.35) 


1.1 10~ 24 (0.12) 


J_ 18.03 


1.6 


10~ 28 (0.57) 


7.9 


10~ 27 (0.64) 


2.5 


10~ 24 (0.22) 


|| 17.07 


3.6 


10~ 28 (2.03) 


2.2 


10~ 26 (2.71) 


7.9 10~ 24 (0.84) 


|| 19.02 


1.8 


10~ 29 (0.06) 


7.9 


10~ 28 (0.06) 


2.9 


10~ 25 (0.03) 


_L 18.02 


1.7 


10~ 28 (0.94) 


1.0 


10~ 26 (1.28) 


3.4 10~ 24 (0.36) 


|| 19.36 


6.8 


10~ 29 (0.24) 


3.2 


10~ 27 (0.25) 


9.1 


10~ 25 (0.08) 


[19.20] 


5.3 


10~ 29 (0.30) 


3.0 


10~ 27 (0.38) 


1.1 10~ 24 (0.11) 


|| 21.26 


4.6 


10~ 28 (1.59) 


2.4 


10~ 26 (1.92) 


6.1 


10~ 24 (0.55) 


_L 23.76 


2.9 


10~ 29 (0.16) 


1.9 


10~ 27 (0.23) 


4.9 10~ 25 (0.05) 


_L 21.32 


6.1 


10~ 29 (0.21) 


2.7 


10~ 27 (0.22) 


7.8 


10~ 25 (0.07) 


[28.08] 


8.3 


10~ 30 (0.05) 


4.8 


10~ 28 (0.06) 


— 


|| 23.09 


1.3 


10~ 28 (0.46) 


6.7 


10~ 27 (0.54) 


1.6 


10~ 24 (0.15) 


[28.94] 


1.0 


10~ 29 (0.06) 


4.6 


10~ 28 (0.06) 


— 


_L 37.37 


1.0 


10~ 28 (0.35) 


4.7 


10~ 27 (0.38) 


8.7 


10~ 25 (0.08) 


[29.48] 


9.0 


10- 30 (0.05) 


4.8 


10- 28 (0.06) 


— 


[43.07] 


1.6 


10- 29 (0.06) 


2.3 


10- 28 (0.02) 






|| 30.50 


1.1 


10- 29 (0.06) 


5.4 


10- 28 (0.07) 


— 


[43.34] 


1.6 


10~ 29 (0.06) 


2.3 


10- 28 (0.02) 






[30.57] 


1.0 


10~ 29 (0.06) 


5.7 


10~ 28 (0.07) 


— 


[46.15] 


1.9 


10~ 29 (0.07) 


2.6 


10~ 28 (0.02) 






[30.81] 


1.1 


10- 29 (0.06) 


5.4 


10- 28 (0.07) 




J_ 54.98 


3.9 


10~ 28 (1.37) 


2.0 


10~ 26 (1.60) 


3.3 


10~ 24 (0.30) 


|| 32.95 


1.4 


10- 29 (0.08) 


6.5 


10- 28 (0.08) 




[56.03] 


2.6 


10- 29 (0.09) 


2.6 


10~ 28 (0.02) 






_L 33.71 


1.4 


10~ 29 (0.08) 


6.5 


10~ 28 (0.08) 




_L 69.44 


5.1 


10~ 29 (0.18) 


2.5 


10~ 27 (0.20) 


1.5 


10~ 25 (0.01) 


[38.14] 


1.8 


10- 29 (0.10) 


7.7 


10- 28 (0.10) 




1170.12 


4.8 


10~ 29 (0.17) 


2.4 


10- 27 (0.19) 


1.0 


10- 25 (0.01) 


[41.36] 


2.1 


10- 29 (0.12) 


9.5 


10~ 28 (0.12) 




[84.87] 


4.4 


10- 29 (0.15) 


2.3 


10- 28 (0.02) 






[52.19] 


2.9 


10~ 29 (0.17) 


9.7 


10~ 28 (0.12) 




[175.62] 


5.1 


lO" 29 (0.18) 


1.0 


10~ 28 (0.01) 






[64.37] 


3.7 


10~ 29 (0.21) 


1.1 


10- 27 (0.13) 




_L 324.88 


9.3 


10~ 29 (0.32) 


3.5 


10- 27 (0.28) 






J_ 92.83 


7.0 


10- 29 (0.39) 


4.4 


10- 27 (0.55) 


6.6 10- 25 (0.07) 


[572.66] 


1.5 


10- 29 (0.05) 










[102.04] 


5.1 


10- 29 (0.28) 


7.5 


10~ 28 (0.09) 


















J_ 116.07 


5.5 


10- 29 (0.31) 


6.4 


10- 28 (0.08) 


















[239.31] 


5.8 


10- 29 (0.32) 


2.5 


10- 28 (0.03) 



















Table C.31. As Fig.Ofor terrylene (C 30 H 16 ) 



Integrated flux 











Red 


IRAS 


Peak 




ISRF 


Rectangle 


21282+5050 


O^m) 


(W sr 1 ) (%) 


(W sr')(%) 


(W sr 1 ) (%) 


_L 17.82 


2.8 


10" 28 (1.22) 


1.4 


10~ 26 (1.32) 


3.6 10- 24 (0.55) 


[18.82] 


5.9 


10- 29 (0.26) 


3.0 


10- 27 (0.29) 


7.3 10- 25 (0.11) 


|| 19.47 


2.3 


10~ 28 (0.98) 


1.2 


10~ 26 (1.14) 


2.7 10~ 24 (0.42) 


|| 21.27 


2.5 


10~ 28 (1.10) 


1.3 


10~ 26 (1.24) 


2.7 10~ 24 (0.42) 


_L 37.56 


1.1 


10- 28 (0.48) 


5.8 


10- 27 (0.55) 


7.3 10- 25 (0.11) 


[41.19] 


8.2 


10- 30 (0.04) 


7.7 


10- 29 (0.01) 




[45.95] 


1.1 


10~ 29 (0.05) 


9.2 


10~ 29 (0.01) 




[47.77] 


1.2 


10- 29 (0.05) 


9.6 


10- 29 (0.01) 




_L 57.55 


2.6 


10~ 28 (1.12) 


1.3 


10- 26 (1.26) 


1.4 10- 24 (0.21) 


[61.21] 


2.0 


10~ 29 (0.09) 


8.9 


10~ 29 (0.01) 




|| 67.52 


4.8 


10~ 29 (0.21) 


2.5 


10~ 27 (0.24) 


1.3 10~ 25 (0.02) 


_L 88.43 


3.8 


10~ 29 (0.17) 


1.7 


10- 27 (0.16) 




[91.34] 


2.6 


10- 29 (0.11) 


5.0 


10- 29 (0.00) 




±271.11 


6.5 


10- 29 (0.28) 


1.5 


10~ 27 (0.14) 




[306.54] 


1.5 


10~ 29 (0.07) 
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Table C.33. As Fig-Olfor ovalene (C 32 Hi 4 ) Table C.34. As Fig.OJfor the ovalene cation (C 32 H[ 4 ) 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Gum) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



|| 15.03 


7.9 


10" 


-30 


(0.06) 


6.1 


io- 


-28 


(0.08) 


3.4 


io- 


-25 


(0.05) 


|| 15.26 


5.3 


10~ 


-30 


(0.04) 


3.8 


io- 


-28 


(0.05) 


2.0 


io- 


-25 


(0.03) 


_L 15.90 


4.8 


10~ 


-28 


(3.60) 


3.3 


io- 


-26 


(4.33) 


1.7 


io- 


-23 


(2.56) 


II 17 45 


7.8 


10" 


-29 


(0 59) 


5.5 


io- 


-27 


(0 71) 


2.7 


10" 


-24 


(0 40) 


_L 18.42 


2.2 


10" 


-28 


(1 66) 


1.6 


io- 


-26 


(2.02) 


7.8 


io- 


-24 


(1 15) 


|| 20.44 


8.4 


io- 


-28 


(0.11) 


8.4 


io- 


-28 


(0.11) 


3.9 


io- 


-25 


(0.06) 


1123.57 


3.9 


io- 


-29 


(0.29) 


2.9 


io- 


-27 


(0.38) 


1.3 


io- 


-24 


(0.19) 


1125.61 


1.0 


io- 


-28 


(0.76) 


7.3 


io- 


-27 


(0.95) 


3.1 


io- 


-24 


(0.46) 


_L 29.42 


8.9 


io- 


-29 


(0.67) 


6.6 


io- 


-27 


(0.86) 


2.7 


io- 


-24 


(0.39) 


|| 36.70 


7.6 


io- 


-29 


(0.58) 


5.5 


io- 


-27 


(0.71) 


2.2 


io- 


-24 


(0.32) 


[37.15] 


7.9 


io- 


-30 


(0.06) 


2.2 


io- 


-28 


(0.03) 










[39.08] 


8.3 


io- 


-30 


(0.06) 


2.4 


io- 


-28 


(0.03) 










_L 47.39 


1.2 


io- 


-29 


(0.09) 


2.4 


io- 


-28 


(0.03) 










[51.42] 


1.3 


io- 


-29 


(0.10) 


2.4 


io- 


-28 


(0.03) 










[65.35] 


1.8 


io- 


-29 


(0.13) 


2.2 


io- 


-28 


(0.03) 










[79.27] 


1.9 


io- 


-29 


(0.15) 


1.9 


io- 


-28 


(0.03) 










±93.33 


3.4 


io- 


-29 


(0.26) 


2.5 


io- 


-27 


(0.33) 


4.5 


io- 


-25 


(0.07) 


_L 160.24 


3.1 


io- 


-29 


(0.23) 


2.2 


io- 


-27 


(0.28) 










[161.07] 


2.1 


io- 


-29 


(0.16) 


7.6 


io- 


-29 


(0.01) 











Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Qim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



|| 15.01 


3.2 


io- 


-28 


(1.59) 


2.1 


io- 


-26 


(1.91) 


1.0 


io- 


-23 


(0.90) 


_L 15.80 


4.5 


io- 


-28 


(2.20) 


2.9 


10" 


-26 


(2.71) 


1.4 


io- 


-23 


(1.25) 


|| 18.29 


2.7 


io- 


-29 


(0.13) 


1.8 


io- 


-27 


(0.17) 


7.2 


io- 


-25 


(0.06) 


_L 18.47 


3.7 


io- 


-28 


(1.80) 


2.4 


10" 


-26 


(2.26) 


1.0 


io- 


-23 


(0.92) 


|| 20.17 


3.6 


io- 


-29 


(0.18) 


2.3 


10" 


-27 


(0.21) 


8.4 


io- 


-25 


(0.07) 


|| 25.93 


2.3 


io- 


-28 


(1.11) 


1.6 


10" 


-26 


(1.44) 


5.5 


io- 


-24 


(0.49) 


_L 28.81 


1.1 


io- 


-28 


(0.56) 


7.9 


10" 


-27 


(0 73) 


2.7 


io- 


-24 


(0 24) 


[28.90] 


9.4 


io- 


-30 


(0.05) 


3.5 


10" 


-28 


(0.03) 










[29.84] 


1.1 


io- 


-29 


(0.06) 


3.4 


io- 


-28 


(0.03) 










[30.82] 


1.2 


io- 


-29 


(0.06) 


4.1 


io- 


-28 


(0.04) 










[31.97] 


1.3 


io- 


-29 


(0.06) 


4.3 


io- 


-28 


(0.04) 










[32.25] 


1.2 


io- 


-29 


(0.06) 


4.4 


io- 


-28 


(0.04) 










|| 35.21 


1.6 


io- 


-29 


(0.08) 


7.8 


10" 


-28 


(0.07) 










[36.94] 


1.7 


io- 


-29 


(0.09) 


5.6 


10" 


-28 


(0.05) 










[38.39] 


1.8 


io- 


-29 


(0.09) 


5.7 


io- 


-28 


(0.05) 










J_ 46.24 


3.3 


io- 


-29 


(0.16) 


2.3 


io- 


-27 


(0.22) 


2.8 


io- 


-25 


(0.03) 


[50.96] 


2.9 


io- 


-29 


(0.14) 


6.2 


io- 


-28 


(0.06) 










[63.18] 


3.5 


io- 


-29 


(0.17) 


5.1 


io- 


-28 


(0.05) 










[79.15] 


4.3 


io- 


-29 


(0.21) 


4.9 


10" 


-28 


(0.05) 










J_ 87.10 


9.0 


io- 


-29 


(0.44) 


6.5 


10" 


-27 


(0.60) 


1.4 


10" 


-24 


(0.12) 


_L 157.42 


6.5 


io- 


-29 


(0.32) 


4.4 


io- 


-27 


(0.41) 


1.0 


10" 


-25 


(0.01) 


[164.36] 


4.9 


io- 


-29 


(0.24) 


1.9 


io- 


-28 


(0.02) 
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Table C.35. As Fig. lC.ll for circumbiphenyl (C3gHi 6 ) 



Table C.36. As Fig. IC.ll for the circumbiphenyl cation 
(C3gH[ 6 ) 



Peak 
(fim) 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 
(W sr 1 ) (%) 



IRAS 
21282+5050 
(W sr 1 ) (%) 



|| 15.29 


1.7 


10" 


-28 


(1.12) 


1.4 


10" 


-26 


(1.31) 


6.4 


10" 


-24 


(0.80) 


X 16.00 


2.8 


10" 


-28 


(1.82) 


2.3 


10" 


-26 


(2.15) 


1.0 


10" 


-23 


(1.30) 


_L 17.63 


2.6 


10" 


-28 


(1.71) 


2.2 


10" 


-26 


(2.07) 


9.2 


10" 


-24 


(1.16) 


|| 18.78 


5.8 


10" 


-29 


(0.38) 


5.2 


10" 


-27 


(0.48) 


2.1 


10" 


-24 


(0.26) 


_L 20.00 


2.9 


10" 


-28 


(1.86) 


2.4 


10" 


-26 


(2.23) 


9.3 


10" 


-24 


(1.17) 


1121.01 


2.1 


10" 


-29 


(0.14) 


1.9 


10" 


-27 


(0.17) 


6.7 


10" 


-25 


(0.08) 


|| 22.75 


1.3 


10" 


-28 


(0.85) 


1.1 


10" 


-26 


(1.01) 


4.0 


10" 


-24 


(0.51) 


|| 25.69 


2.0 


10" 


-28 


(1.32) 


1.8 


10" 


-26 


(1.64) 


5.9 


10" 


-24 


(0.74) 


_L 27.75 


3.7 


10" 


-29 


(0.24) 


3.4 


10" 


-27 


(0.31) 


1.1 


10" 


-24 


(0.14) 


_L 36.47 


3.7 


10" 


-29 


(0.24) 


3.3 


10" 


-27 


(0.30) 


8.6 


10" 


-25 


(0.11) 


_L 46.53 


2.5 


10" 


-29 


(0.16) 


2.2 


10" 


-27 


(0.20) 


4.5 


10" 


-25 


(0.06) 


|| 48.86 


1.6 


10" 


-29 


(0.10) 


1.4 


10" 


-27 


(0.13) 


2.1 


10" 


-25 


(0.03) 


[66.22] 


1.1 


10" 


-29 


(0.07) 


9.9 


10" 


-29 


(0.01) 










[73.08] 


1.2 


10" 


-29 


(0.08) 


9.4 


10" 


-29 


(0.01) 










[92.81] 


1.5 


10" 


-29 


(0.10) 


7.1 


10" 


-29 


(0.01) 










J_ 96.36 


3.7 


10" 


-29 


(0.24) 


3.4 


10" 


-27 


(0.32) 


4.6 


10" 


-25 


(0.06) 


[113.61] 


1.6 


10" 


-29 


(0.10) 


5.9 


10" 


-29 


(0.01) 










_L 226.20 


2.7 


10" 


-29 


(0.18) 


1.6 


10" 


-27 


(0.15) 










[276.62] 


1.2 


10" 


-29 


(0.08) 



















Peak 
(pm) 



Integrated flux 



ISRF 

(W sr 1 ) (%) 



Red 
Rectangle 

(W sr 1 ) (%) 



IRAS 
21282+5050 

(W sr 1 ) (%) 



|| 15.03 


1.6 


10" 


-29 


(0.06) 


1.2 10 


-27 


(0.07) 


3.8 


10" 


-25 


(0.03) 


|| 15.25 


3.3 


10" 


-29 


CO 121 


2.2 10" 


-27 


(0.13) 


7.2 


10" 


-25 


(0.06) 


J_ 15.94 


3.1 


10" 


-28 


(I 14) 


2.2 10" 


-26 


(1.34) 


6.8 


10" 


-24 


fO 521 


|| 16.75 


6.6 


10" 


-28 


(7 461 


5.0 10" 


-26 


(3.01) 


1.4 


10" 


-23 


n 06i 


_l_ 17.37 


2.3 


10" 


-28 


(0.83) 


1.6 10 


-26 


(0.96) 


4.3 


10" 


-24 


(0.33) 


|| 18.73 


3.0 


10" 


-28 


n in 


2.3 10" 


-26 


(1.37) 


5.7 


10" 


-24 


(0 441 


j_ 19.52 


3.1 


10" 


-28 


n 151 


2.4 10" 


-26 


(1.47) 


5.8 


10" 


-24 


(0 441 


|| 22.53 


4.1 


10" 


-29 


(0.15) 


3.1 10" 


-27 


(0.19) 


6.7 


10" 


-25 


(0.05) 


1125.13 


2.3 


10" 


-28 


(0.85) 


1.8 10" 


-26 


(1.06) 


3.4 


10" 


-24 


(0.26) 


J_ 26.80 


6.2 


10" 


-29 


(0.23) 


5.0 10" 


-27 


(0.31) 


9.6 


10" 


-25 


(0.07) 


J_ 35.05 


1.0 


10" 


-28 


(0.38) 


8 10- 27 (0.48) 


1.2 


10" 


-24 


(0.09) 


[38.53] 


1.4 


10" 


-29 


(0.05) 
















[40.80] 


1.6 


10" 


-29 


(0.06) 
















_L 44.96 


5.8 


10" 


-29 


(0.21) 


4.6 10" 


-27 


(0.28) 


5.4 


10" 


-25 


(0.04) 


|| 47.82 


3.7 


10" 


-29 


(0.14) 


2.8 10" 


-27 


(0.17) 


2.4 


10" 


-25 


(0.02) 


[62.14] 


3.3 


10" 


-29 


(0.12) 
















[70.89] 


3.6 


10" 


-29 


(0.13) 
















_L 84.73 


1.4 


10" 


-28 


(0.53) 


1.1 10" 


-26 


(0.68) 


1.3 


10" 


-24 


(0.10) 


[89.77] 


4.6 


10" 


-29 


(0.17) 
















[109.51] 


5.2 


10" 


-29 


(0.19) 


1.7 10" 


-28 


(0.01) 










_L 237.71 


8.4 


10" 


-29 


(0.31) 


3.4 10" 


-27 


(0.20) 










[353.20] 


3.0 


10" 


-29 


(0.11) 

















Table C.37. As Fig.|CT]for quaterrylene (C 4 oH 20 ) 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

(/mi) (Wsr')(%) (Wsr 1 )(%) (Wsr')(%) 



_L 15.06 


8.4 


10" 


-28 


(1.61) 


4.1 


10" 


-26 


(1.66) 


6.5 10 


-24 


(0.77) 


|| 17.49 


4.1 


10' 


-28 


(0.78) 


2.0 


10" 


-26 


(0.82) 


2.7 10" 


-24 


(0.32) 


J_ 17.58 


4.2 


10" 


-28 


(0.80) 


2.0 


10" 


-26 


(0.81) 


2.6 10" 


-24 


(0.31) 


|| 18.52 


3.7 


10" 


-28 


(0.71) 


1.9 


10" 


-26 


(0.79) 


2.3 10" 


-24 


(0.27) 


|| 19.38 


9.4 


10" 


-28 


(1.80) 


4.9 


10" 


-26 


(1.98) 


5.4 10" 


-24 


(0.64) 


|| 22.64 


1.1 


10" 


-27 


(2.15) 


5.8 


10" 


-26 


(2.33) 


5.3 10" 


-24 


(0.63) 


|| 24.63 


3.5 


10" 


-29 


(0.07) 


2.0 


10" 


-27 


(0.08) 


1.3 10" 


-25 


(0.02) 


|| 28.32 


6.3 


10" 


-28 


(1.22) 


3.2 


10" 


-26 


(1.28) 


2.1 10" 


-24 


(0.24) 


J_ 32.03 


3.1 


10" 


-28 


(0.60) 


1.5 


10" 


-26 


(0.60) 


8.6 10" 


-25 


(0.10) 


|| 34.14 


7.2 


10" 


-29 


(0.14) 


3.6 


10" 


-27 


(0.15) 


1.8 10" 


-25 


(0.02) 


J_ 57.30 


1.5 


10" 


-27 


(2.89) 


7.5 


10" 


-26 


(3.03) 


2.0 10" 


-24 


(0.24) 


J_ 87.48 


7.0 


10" 


-29 


(0.13) 


3.2 


10" 


-27 


(0.13) 


4.5 10" 


-26 


(0.01) 


|| 102.85 


2.2 


10' 


-28 


(0.42) 


1.0 


10" 


-26 


(0.41) 


1.6 10" 


-25 


(0.02) 


±471.64 


7.7 


10" 


-29 


(0.15) 


2.7 


10" 


-28 


(0.01) 









Mulas, Malloci, Joblin & Toublanc: A model for the identification of PAHs in the far-IR 33 
Table C.38. As Fig. lC.ll for the quaterrylene cation (C^HtO Table C.40. As Fig. lC.ll for the dicoronylene cation (C^H^) 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Qim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



_L 15.20 


5.1 


10" 


-28 


(0.82) 


2.6 


io- 


-26 


(0.86) 


4.3 


io- 


-24 


(0.28) 


|| 17.54 


1.7 


10" 


-28 


(0.27) 


8.4 


io- 


-27 


(0.29) 


1.1 


io- 


-24 


(0.07) 


_L 17.87 


1.5 


10" 


-28 


(0.24) 


7.7 


io- 


-27 


(0.26) 


9.8 


io- 


-25 


(0.06) 


|| 18.53 


1.8 


10~ 


-28 


(0.29) 


9.8 


io- 


-27 


(0.33) 


1.2 


10" 


-24 


(0.08) 


|| 19.07 


1.5 


10" 


-27 


(2.35) 


7.8 


io- 


-26 


(2.63) 


9.2 


io- 


-24 


(0.60) 


±21.73 


1.0 


io- 


-28 


(0.16) 


5.6 


io- 


-27 


(0.19) 


5.9 


io- 


-25 


(0.04) 


|| 22.98 


1.6 


io- 


-27 


(2.58) 


8.5 


io- 


-26 


(2.88) 


8.1 


io- 


-24 


(0.53) 


|| 23.92 


4.8 


io- 


-28 


(0.77) 


2.6 


io- 


-26 


(0.89) 


2.5 


io- 


-24 


(0.16) 


|| 28.76 


7.1 


io- 


-28 


(1.13) 


3.7 


io- 


-26 


(1.26) 


2.8 


io- 


-24 


(0.18) 


± 32.83 


1.8 


io- 


-28 


(0.30) 


1.1 


io- 


-26 


(0.36) 


6.9 


io- 


-25 


(0.04) 


|| 33.58 


3.2 


io- 


-28 


(0.52) 


1.7 


io- 


-26 


(0.59) 


1.1 


io- 


-24 


(0.07) 


± 58.08 


1.2 


io- 


-27 


(1.90) 


6.4 


io- 


-26 


(2.16) 


2.8 


io- 


-24 


(0.19) 


[81.78] 


3.7 


io- 


-29 


(0.06) 


















±86.12 


9.7 


io- 


-29 


(0.15) 


4.7 


io- 


-27 


(0.16) 


8.6 


io- 


-26 


(0.01) 


1191.10 


3.0 


io- 


-28 


(0.48) 


1.6 


io- 


-26 


(0.53) 


5.0 


io- 


-25 


(0.03) 


[175.98] 


5.5 


io- 


-29 


(0.09) 


















[184.99] 


5.2 


io- 


-29 


(0.08) 


















[244.91] 


4.5 


io- 


-29 


(0.07) 


















± 456.34 


1.6 


io- 


-28 


(0.25) 


1.4 


io- 


-27 


(0.05) 











Table C.39. As Fig.|CT]ibr dicoronylene (C 4 8H 20 ). 



Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

Qim) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



|| 15.01 


4.4 


io- 


-28 


(0.82) 


3.0 


io- 


-26 


(0.95) 


5.3 


io- 


-24 


(0.32) 


|| 16.60 


1.4 


io- 


-27 


(2.58) 


9.2 


io- 


-26 


(2.97) 


1.5 


io- 


-23 


(0.89) 


± 17.59 


1.1 


io- 


-27 


(2.12) 


7.6 


io- 


-26 


(2.43) 


1.1 


io- 


-23 


(0.66) 


± 18.61 


7.3 


io- 


-28 


(1 34) 


4.9 


10" 


-26 


(1 57) 


6.7 


io- 


-24 


(0 40) 


|| 19.31 


3.2 


io- 


-28 


(0.59) 


2.1 


io- 


-26 


(0.67) 


2.8 


io- 


-24 


(0.17) 


|| 20.18 


9.6 


io- 


-29 


(0.18) 


6.3 


10" 


-27 


(0.20) 


8.3 


io- 


-25 


(0.05) 


|| 22.26 


5.2 


io- 


-28 


(0.96) 


3.5 


io- 


-26 


(1.13) 


3.9 


io- 


-24 


(0.24) 


|| 24.33 


6.2 


io- 


-28 


(1.16) 


4.0 


10" 


-26 


(1.30) 


4.2 


io- 


-24 


(0.25) 


1125.31 


1.3 


io- 


-27 


(2.36) 


8.7 


io- 


-26 


(2.79) 


8.4 


io- 


-24 


(0.51) 


|| 27.50 


1.6 


io- 


-28 


(0.30) 


1.1 


io- 


-26 


(0.35) 


9.4 


io- 


-25 


(0.06) 


|| 28.79 


2.2 


io- 


-27 


(4.13) 


1.5 


io- 


-25 


(4.79) 


1.3 


io- 


-23 


(0.79) 


±32.15 


3.8 


io- 


-29 


(0.07) 


2.6 


10" 


-27 


(0.08) 


2.2 


io- 


-25 


(0.01) 


±33.81 


3.9 


io- 


-29 


(0.07) 


2.4 


io- 


-27 


(0.08) 


1.9 


io- 


-25 


(0.01) 


±72.81 


4.6 


io- 


-28 


(0.85) 


3.1 


10" 


-26 


(1.00) 


1.6 


io- 


-24 


(0.10) 


[88.81] 


4.0 


io- 


-29 


(0.07) 


















[94.35] 


4.4 


io- 


-29 


(0.08) 


















|| 99.45 


8.3 


io- 


-29 


(0.15) 


5.1 


10" 


-27 


(0.16) 


8.3 


10" 


-26 


(0.01) 


± 103.49 


1.4 


io- 


-28 


(0.25) 


9.1 


io- 


-27 


(0.29) 


2.5 


10" 


-25 


(0.02) 


[109.70] 


5.2 


io- 


-29 


(0.10) 


















[172.53] 


5.4 


io- 


-29 


(0.10) 


















± 402.76 


1.3 


io- 


-28 


(0.25) 


1.8 


io- 


-27 


(0.06) 











Integrated flux 



Red IRAS 
Peak ISRF Rectangle 21282+5050 

(pm) (Wsr')(%) (Wsr')(%) (Wsr')(%) 



± 17.44 


1.2 


10" 


-27 


(3.61) 


7.4 


10" 


-26 


(3.94) 


1.9 


io- 


-23 


(1.89) 


± 18.44 


1.3 


io- 


-27 


(4.00) 


8.4 


io- 


-26 


(4.45) 


2.1 


io- 


-23 


(2.03) 


|| 18.75 


2.6 


io- 


-28 


(0.80) 


1.7 


io- 


-26 


(0.89) 


4.1 


io- 


-24 


(0.40) 


|| 19.53 


8.3 


io- 


-29 


(0.26) 


5.6 


io- 


-27 


(0.30) 


1.2 


io- 


-24 


(0.12) 


|| 21.49 


4.3 


io- 


-28 


(1.34) 


2.7 


io- 


-26 


(1.44) 


5.5 


io- 


-24 


(0.54) 


|| 24.29 


1.6 


io- 


-28 


(0.50) 


1.0 


io- 


-26 


(0.54) 


1.8 


io- 


-24 


(0.18) 


|| 24.59 


5.9 


io- 


-28 


(1.85) 


4.0 


io- 


-26 


(2.10) 


6.7 


io- 


-24 


(0.65) 


|| 27.24 


1.2 


io- 


-28 


(0.37) 


7.5 


io- 


-27 


(0.40) 


1.1 


10" 


-24 


(0.11) 


±31.63 


7.3 


io- 


-29 


(0.23) 


4.8 


io- 


-27 


(0.25) 


6.0 


io- 


-25 


(0.06) 


± 33.41 


2.2 


io- 


-29 


(0.07) 


1.5 


io- 


-27 


(0.08) 


1.6 


io- 


-25 


(0.02) 


±71.79 


3.1 


io- 


-28 


(0.98) 


2.0 


io- 


-26 


(1.09) 


1.1 


io- 


-24 


(0.11) 


[96.67] 


1.5 


io- 


-29 


(0.05) 


















|| 101.49 


5.7 


io- 


-29 


(0.18) 


3.4 


io- 


-27 


(0.18) 


1.0 


10" 


-25 


(0.01) 


± 101.68 


8.9 


io- 


-29 


(0.28) 


5.7 


io- 


-27 


(0.30) 


2.1 


10" 


-25 


(0.02) 


[110.05] 


1.5 


io- 


-29 


(0.05) 


















[175.85] 


1.5 


10" 


-29 


(0.05) 


















± 390.11 


5.4 


10" 


-29 


(0.17) 


7.2 


io- 


-28 


(0.04) 











